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INTRODUCTION 


Throughout the history of firearms, gun noise has been of con~ 
siderable concern to the military. Prior to firing, anticipation of the 
ear shattering effects tends to make the gunner flinch, resulting in 
a consequent deterioration of his aim. After firing, the gunner is 
usually in a state of temporary deafness, To the enemy, gun noise 
reveals presence and, often, the location of the firer, thus inviting 
defensive or offensive reaction. From the above alone it becomes 
evident that a "silent" weapon is to be found indispenable in covert 


operations. 


Of the various noises associated with firing a convention. 1 
small arms weapon, the most significant is the muzzle blast caused 
by escape of propellent gases after the projectile exits from the 
barrel. Hundreds of patents, war and police records, and other 
literature are witness to the efforts, for nearly a century, to elimi- 
nate small arms muzzle biast, Notwithstanding time, effort, and 
interest, no completely satisfactory silenced weapon has yet been 
produced. 


The lack of theoretical literature on silencing a firearm testifies 
to the still inadequate understanding of the principles of sound gener - 
ation and attenuation in a small arms weapon. Perhaps the failure to 
theoretically define noise problems can be attributed to the virtual non- 
existence of thorough and reliable experimental sound data from 
existing silenced and unsilenced weapons, This lack of experimental 
data is partially due to only recent development of adequate sound 
measuring equipment!8* and partially due to the complexity of the 
problem. 


This report is intended to give an insight into the present state 
of knowledge of silencing a small arms weapon, Essentially, the 
contents consist of physical, functional, and acoustical data on an 
array of silenced weapons felt to be representative. The sound eval- 
uation presented here is cursory, primarii, 


; because of the complexity 
of the problem. First, the gun muzzle no'se is only one** of the many 
possible noises being generated by each given system, Second, the 
sound of interest is directional and attenustes nonlinearly with distance. 


*See Bibliography. 
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SILENCER PRINCIPLES 
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This effe ct, 


Silenced Seis » Tequires attention in 


3. Air or propellent gas discharge {or inflow) foilowing pro- 
jectile exit. This consists es sentially of the initial uncorking of 
internal system pressure, the subsequent discharging jet turbulence, 
and the effects due to reflections of these inside the system. 


The three noise sources are relatively indepeadent of each other and, 
consequently, require different techniques for their attenuation. Thus, 
when designing or evaluating a silenced weapon it is usually necessary 
to treat each noise source individually. 


A projectile traveling in a gun barrel accelerates and compresses 
the air immediately ahead of it. The precursor pressure wave thus 
generated is substantial in most weapons, even the ones with subsonic 
projectile velocities. Prior to exit from the gun barrel, the precursor 
wave front generally consists of a shock which reaches a pressure of 
several atmospheres. Upon exit from the gun barrel, the precursor 
wave gives rise to a positive sound pulse in the far field. The sound 
puise is generally of a sawtooth configuration, beginning with a shock 
and ending with an exponential pressure decay with time. In some si- 
lenced weapons this precursor sound pulse constitutes the dominant 


noise source. 


The abrupt exit of the projectile itself generates a substantial 
noise in some silenced weapons. This is especially common in weap- 
ons whose silencer exits are partially or completely restricted by 
flexible materials, such as sponge, rubber, felt, etc. In these cases 
the exterior surfaces of deforming flexible materia! and the moving 
projectile generate sound, To a certain extent the same phenomenon 
also exists when the projectile emerges through a hole in a baffle. 
These effects can be expected to occur even when the projectile is 
neither followed nor preceded by high gas or air pressures. The 
sound signature in the far field due to abrupt projectile emergence 
from the muzzle consists usually ofan N-wave pulse. The magnitude 
of this pulse depends primarily on the projectile velocity, diameter, 
and length, and onthe silencer muzzle configuration, * 


in an unsilenced subsonic weapon, the hot propellent gases dis- 
charging into the atmosphere alter the projectile exit constitute the 
dominant source of muzzle noise, The initial sound pulse is generally 
Similar in shape to the precursor pulse described above, but substantially 


— 
This phenomenon is not to be confused with designations on Scope 
traces where "Projectile Exit" is meant to represent the general 
time of an event, 


greater in magnitude, In many unsilenced weapons this muzzle 

blast exceeds the limits of the firer's auditory safety and can be of 
sufficient magnitude to stun him, in silenced weapons, the major 
portion of the propellent gas generally escapes into the atmosphere 
after the projectile exists from the silencer. However, by this time 
the gases have expanded to the total volume of the system and the 

gas pressure behind the exiting projectile is low with a correspondingly 
low resulting sound pulse pressure, The sound pulse is again similar 
in shape to the precursor pulse; however, it may be further modified by 
wave reflections within the silencer, 


Blow-by is the leakage of propelient gases past the projectile 
while it is still inside the weapon, This condition occurs due to any 
significant clearance between the projectile and the gun barrel or 
silencer. Since the accuracy of the weapon is generally impaired if 
the projectile touches any hard surface after leaving the gun barrel, 
most silencers are designed with an adequate projectile clearance. 

In some silencers this clearance is so large that a good portion of the 
propellent gas escapes prior to projectile exit, and blow-by represents 
a Significant sound source in the system, The blow-by sound pulse is 
generally a positive shock, followed by an exponential pressure decay. 
In come cases, when the projectile velocity is high, the blow-by can 
arrive at the silencer exit at almost the same time as the projectile. 

In this case the blow-by sound pulse will merge with, rather than pre- 
cede, the main gas discharge sound pulse. 


Theoretically, a gas or air jet discharging into the atmosphere 
at a steady rate should not generate any significant noise, However, 
due to turbulence?? vorticity, and reverberation within the jet orifice, 
some flow fluctuation usually does occur. In some cases, this flow fluc- 
tuation is a significant source of noise (jet planes, turbines, etc., are 
examples), In silencers, jet noise is generally substantially lower 
than precursor, blow-by, or blast noise. However, in some silencers 
the jet noise becomes predominant, This is especially the case when 
precursor, blow-by, and biast effects are substantially attenuated, 
as in the Maxin and Sten gun silencers. The jet noise can also become 
significant when the silencer baffle spacing is such that the baffled 
chamber resonance corresponds to the natural frequency of the dis- 
charging jet. In such cases both the amplitude and the dominant fre- 
quency of the jet noise can be substantially altered by changing the 
baffle spacing within the silencer. 


Presently the exact relationship between a sound signature and 
the corresponding effects occuring in a silenced weapon is only vaguely 
defined. It is known, however, that generally the magnitude and 
duration of any given sould pulse are primarily dependent on the 
area through which a quantity of propellent gas or air is discharged 
to the atmosphere and on how this discharge varies with time, * 


In most silenced weapons the gas discharge area of interest is 
the silencer muzzle opening. However, to predict the gas discharge 
from the muzzte pricr to projectile exit, considerarion must also 
be given to blow-by clearances, volume, and internal configuration 
of the silencer, The gas discharge rate of a pressurized chamber or 
tube is determined by both the discharge area and the stagnation 
pressure of the gas. 2 The stagnation pressure varies inversely with 
the volume containing the gas. Thus, the silencer volume becomes 
a primary factor in determining the gas discharge rate immediately 
following projectile exit, Any significant change in the silencer vol- 
ume results in a corresponding change of the projectile exit sound 
pulse magnitude. In the case of system blow-by, the sound 
pulse is more dependent on the blow-by clearances, although often 
other factors also become significant. With the precursor wave, 
much lower pressures are encountered, and the more dominant role 
is played by silencer length, ** 


The propeilent gas pressure can also be reduced by heat ab- 
sorption, One method of effecting substantial heat absorption in the 
silencer is to increase the contact surface between the hot propellent 
gas and the heat absorbent silencer material. The heat conduction 
is maximized by using materials with high heat conductivity (s.g., 
copper is good) and by exposing the pas to the heat absorbent mate- 
rial early in the expansion process when the temperature differential 
is greatest. A good example of the heat absorbing technique is 
found in silencers utilizing steel wools and wire screening, In most 
cases, however, the heat absorption is limited by the short ballistic 
cycle times encountered in small arms weapons, 


Another method of effecting large heat losses in the silencer is 
to introduce a foreign substance, preferably a highly volatile solid 
or liquid, into the propeilent gas just prior to projectile exit frum the 


= + 


* Appendix Cc 
pea : 
Appendix D 


silencer. The substance evaporates by absorbing heat from the 
propellent gas thus reducing the internal pressure, The 

presumably successful application of this technique is to soak the 
silencer wire screening in oil. Water is also usable, but may pres- 

ent corrosion problems, The general principle, although not thoroughly 
investigated in the past, Seems to have good possibilities. 


From the foregoing it becomes evident that the sound signatures 
of most conventional silenced weapons are primarily determined by 
the silencer length, volume, blow-by clearance, and heat absorbing 
capability. Since in most silencers the heat losses are smail, the 
usual silencer components (such as baffles, "devious passages, 
etc.) have their main significance only in altering or reducing blow-by. 


Several exceptional silencing techniques* deserving mention 
may now be added to the above described principles. H.P, Maxim, 
in the early 1900's, patented and manufactured a relatively successful 
silencer with specially formed baffles. These baffles channeled the 
expanding propeilent gases into a peripheral motion within the silencer. 
The generated vortex reduced the pressure at the center, thus reducing 
the propellent gas discharge rate from the silencer, Although a sale 
the principle lacks conclusive theoretical and experimental verification, 
superficially 1t seems sound, Except for the vortical gas motion, the 
Maxim silencer performed according to the principles previously 
described. 


During World War II, Germany developed several experimental 
silencers, One interesting version incorporated conical baffles, equally 
spaced along the silencer and inclined rearward. Although this tech- 
nique would not be expected to reduce the initia! propellent gas dis- 
charge rate aiter projectile exit, it does have a natural tendency to 
reduce the precursor and the blow-by. This reduction can be attributed 
to the efficient inward reflection of all outgoing pressure waves within 


the silencer. 


Some of the above German World War II silencers incorporated 
a flexible (sponge, rubber, etc,) disk at the silencer exit {patented 
1936 in Germany), The disk closes off the internal silencer cavity un- 
less forced open by the exiting projectile. In this way the propetlent gas 
is retained within the system until it slowly seeps out. The rigidity of 
the disk ideally would be such that the precursor, blow-by, and ex- 
panding blast pressures would not deform it and yet the projectile could 


* & ppendix EB 


force its way through. A variation of the technique is to distribute 
a series of these flexible disks throughout the length of the silencer. 
This design was utilized in some versions of British World War II 
Sten guns and Welrod pistols. 


Most silencers discharge the propeilent gas solely through the 
silencer opening. A variation of this, not often encountered, is 
discharging pressurized gas through the periphery of the gun barrel 
or silencer, Although the technique as described in some silencer 
patents was probably unsuccessful, with proper gas discharge dis- 
tribution and timing this silencer type could prove very effective 
acoustically. 


A few of the early silenced weapon patents described mechanical 
means for restricting the rapid propellent gas discharge after pro- 
jectile exit from the weapon, One of these prescribed the use of a 
metal! gate to close the gun barrel immediately after projectile pas- 
sage. The gate in this case was to be driven directly by the propellent 
gas following the projectile. Other patents described the same 
principle, but added a side-branch, gas-driven piston to activate the 
gate. Another patent described a weapon in which the projectile was 
driven by a piston of slightly larger diameter, The piston was to be 
stopped at the chocked barrel muzzle while the projectile would pro- 
ceed to exit. In this way the piston would trap the propeilent gas inside 
the gun barrel, The patent did not prescribe an expedient method for 
extracting the piston from the barrel, Still another patent described 
an expansion chamber at the barrel muzzle which would allow expansion 
and eventual trapping of an expandable piston driving the projectile, 
The propellent gas was to be trapped behind the piston and gradually 
released through small openings in the chamber. Although all of the 
above techniques seem sound, more often than not they are plagued 
by insurmountable design problems, Even if the above systems could 
be made operable, as described they would not be expected to effect 
any exceptional attenuation in noise. 


DESCRIPTION AND EVALUATIONS OF 
SILENCERS TESTED 


An array of readily available silencers and silenced weapons was 
tested at Frankford Arsenal. Since the information was collected over an 


T 


extended period of time, some of the sound histories were recorded 

at distances other than five meters, All measurements were made 

with either a Bruel and Kjaer{B&K),1/4 inch (Model 4135} or an Altec, 
1/2 inch (Model BR150} condenser microphone, The microphone out- 
put was fed into an oscilloscope (Techtronix) and photographed for 
record, Ina few cases the weapon sound history was first recorded 

by a lape recorder {Ampex 351) and then transferred to the oscilloscope 
and the camera film, In each case sufficient cross-correlation existed 
between various transducers and recording techniques to render the 
presented data, for all practical purposes, valid and reproducible. 


Throughout the tests the microphone, preamplifier, recording 
equipment, and recording technique were found to have @ paramount 
effect on the validity of recorded sound data, Some microphone 
systems were found to have insufficient response while others dis- 
terted the signal with resonance, Toth Altec and BEK microphone 
systems showed a pronounced tendency to distort the signal when 
measuring low intensity shock waves. They were almost completely 
free from resonance at higher sound levels, Although the specified 
frequency responses of Altec andB&K microphones are, respectively, 
11,900 and 75,000 cps, both gave relatively comparable results for 
the purpose at hand. The tape recorders are generally not recom- 
mended for recording shock type sounds, primarily because of their 
slow response (usually not higher than 20,000 cps) and vulnerability 
to overloading. With care, however, useful data can be recorded, 

Another problem encountered during the tests was the sound 
reflection from the ground, Incases where both the direct and re- 
Mected sound signals were recorded, no perceptible loss seemed 
to occur through reflection from loose sand and sparse grass. The 
reflected signal was simply slightly smaller in amplitude for having 
traveled a longer distance from the source, Consequently, it was 
found necessary to place the microphones and weapon sufficiently far 
from the ground to insure receipt of only the primary signal, The 
further from the gun the measurements were taken, the higher the 
microphones had to be placed off the ground, 


Most silencers and silenced weapons tested were intended for 
standard subsonic ammunition, available commercially. Some 
systems, however, required special reduced charge cartridges. For 
tests, these rounds were prepared with appropriate type and quantity 
of propellant 19 yield projectile velocities substantially below the 


speed of sound, Since in some cases the projectile velocities intended 


by the system designers were not known, it is possible that h 

pared and tested ammunition may have deviated slighti Fibs ee 
intended, It is doubtful, however, that this factor mote si ee. 
alter the sound results presented herein. Some systems ae 
the Sten gun, were designed for standard supersonic ainieenit . 
ie cases the barrel] usually had propellent gas bleed eae 
a, internal pressure, thus reducing the projectile muzzle 


It is appropriate at this point to describe the methods wh b 
the weapon's major noise constituents, listed with each of the fol, i 
ing sound scope traces, were identified. In most cases the first oe 
step consisted of examination of a sufficient number of the ie “ 
scope traces to establish the recurrent character of the Brera Wy : 
on noise, Next, scope traces were taken with the whole weapor veee 
cept the muzzle, wrapped with attenuating material {a susie leatiey 
jacket was found to be a remarkably good attenuator). Notin ars 
the noise Components on the trace thus attenuated or oaiaey e 
liminated, positive identification was made of the weapon's b , h 
noise and the first noise emitted from the weapon muzzle Folia i 
this, scope traces were made with the weapon muzzle izped sprees 


heavy elastic tape, This d i 
etermined & i j ‘ i 
Gat 60h tae wea po he relative time of projectile 


: The mechanical noises due to the weapon hammer and firi 
Pin fall alone were determined by dry firing the weapon. In oe $ 
hice a ons Silencers, the precursor shock exit tine was iin i 
ee ma scope traces of the weapon fired without the silencer. 
Ra eras eee diagram was constructed from the scope 
Sea one sche unmodified weapon noise. This established an 

ae elationship between the propellent gas discharge histor 
° © weapon and and the scope trace, . 


The time i i 
ees . of the various neise-producing processes occurring 
D uring the ballistic cycle were calculated from the 


‘own or estimated projectile travel-time history. Analysis of all 


calculated and ri ntally establis' FI ntificaltion 
: experime: ily tablished data led to identific: 

th 7 li er : foll rT 

scope traces, 


In practic 
P €, all sound measurements and loudness judgements 


are made i 
the pee 16 ieee, of some type of background noise. Although 
oudness of a signal can often be altered substantially 


by the background noise, presently there is no satisfactory means for 
predicting this masking effect. However, it is known that when the 
sound pressure level (SPL} of a continuous signal exceeds the SPL 

of background noise by more than i0 db, the effects of backpround 
noise, for all practical purposes, can be neglected. If the same 
criterion is assumed for transient noises, then masking of the weap- 
on noise by the backgorund noise should become significant only when 
the background sound pressure exceeds about a third of the weapon 
sound pressure, All Frankford Arsenal sound traces were made with 
the background noise well below this Hmit. 


Caliber . 22 Hi-standard Pistol/French Silencer 


The "French" silencer is a recently manufactured item, designed 
for a caliber ,22 or a slightly larger caliber weapon, In all respects 
other than that its baffles are not perforated, this silencer of French 
origin is identical to a Parker-Hale "Sound Moderator" presently 
being manufactured commercially in Britain. History and exact 
origin of the "'French'' silencer are unknown, 


The all-metal silencer tested (Figures 1 and 2) was adapted to 
acablber , 22 Hi-standard semi-automatic pistol by threading the 
barrel. Inside, the silencer contained a series of metal baffies, 
spaced 0,43 inch apart, The first baffle was located 2, 37 inches 
from the gun barrel muzzle, presumably to reduce stresses on the 
baffles and to provide an initial expansion chamber. The projectile 
passage diameter throughout the silencer was 0,28 inch, Outside, 
the silencer diameter and length were, respectively, 0.94 and 7,31 
inches, Table ilistssomeofthe more important physical and func- 
tional parameters of the Hi-standard pistol and the “'French" si- 
lencer. 


Figures 3 and 4 show scope traces of the sound pressure-time 
history of the pistol without the silencer firing a I-ong Rifle cartridge, 
The traces were recorded five meters from and direcly to the side of the 
pistol muzzle, The three primary acoustical effects - primer initiation, 
precursor shock exit, and propellent gas blast - are distinctly visible on 
the traces, The highest sound impulse and peak sound pressure ievel 
(136 db) were due to the propellent gas discharge occurring after the 
projectile exited the barrel. The peak sound pressure level due to 
exiting of the precursor shock was 113 db, The primer initiation 
sound pulse was approximately 98 db. 
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Cross section, Caliber , 22 Hi-standard Pistol/French Silencer 


Figure 1. 


TABLE I, Caliber . 22 Hi-standard Pistol/French Silencer 


Projectile 


- Weight (Long Rifle) 40 pr 
e Diameter 0.225 in 
7 Velocity (at silencer exit} 1050 fps 
= a Energy (at silencer exit) 98 ft-lb 
i a Travel at peak ballistic pressure (estimated) 0. 4 inch 
= a Travel in barrel 7.0 inch 

Ve) Travel time in barrel 0.65 ms (approx) 

om Travel time in silencer 0.55 ms 

5 
é a Propellant 
2 pms Weight (double base, flake, web ~ 0,003 in.) 1,7 gr (#0, 2 gr 
2 g primer} 
: “ Chamber volume 0.036 in, 3 

ae] 

a Ballistic pressure 

3 Peak 24,000 psi 

4 At barrel muzzle (estimated) 1,000 psi 

1 

= Silencer 

Pe Passage diameter (for projectile) 0,28 in, 

. Weight 0. 25 ib 

3 Free volume 2.38 in, 3 

G Pistol weight (without silencer} 2,75 lb 

Time between precursor and projectile exits from 
Silencer (estimated) 0.95 ms 


Figure 2. 
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y = 540 pbars/cm 
x= 0,5 ms/em 
L om * 1 major division 


Microphone: Bé&K 4135 


@ Primer Initiation Ly w 98 db 
@) Precursor Exit from Barrel Lg = 113 & 
@ Projectile Exit from Barrel Ly = 136 db 
@) Ground Reflection 
Figure 3, Sound Pressure-Time History, five metera to side, Caliber ,22 Hi-standard Pistol 
(Unsilenced) , Using Long Rifle Cartridge 
y = 108 pbhars/cm 
x = 0,5 ms/em 
1 cm = 1 major division 
Microphone: B&K 4135 
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Figure 4, 


Primer Initiation Ly = 98 db 
Precursor Exit from Barrel Ly * 113 db 
Projectile Exit from Barrel La we 136 db 


Precursor Ground Reflection 


Sound Pressure-Time History, five meters to side, Caliber .22 Hi-standard Pistol 
(Unsilenced) , Using Long Rifle Cartridge 


The sound signature of a Hi-standard pistol with the French 
silencer and using 4 Long Rifle cartridgeis shown in Figure 5, In this 
case the sound pressures were substantially lower than withthe unsilenced 


pistol, The first distinct sound perceived during the firing cycle wasa pulse 


{pt l, Figure 5) generated about the timethe firing pin hit the primer. 
Since at this time four successive functions - hammer fall, firing 
pin striking primer, primer explosion, and gas leakage around the 
cartridge case - occurred, the exact source of the first sound pulse 
is not definite. However, experiments with other systems indicate 
that, generally, by far the loudest pulses are generated by the gas 
leakage around the cartridge case and by the hammer fall. The 
firing pia striking the primer is generally somewhat louder in weap- 
ons without a hammer, 


The next sound after primer initiation was the precursor wave 
exiting from the silencer muzzle. This sound pulse (pt 2), because 
of its low amplitude, is barely distinguishable in the trace. Shortly 
after the precursor, the blow-by pressure wave (generated by the 
leakage of propellent gases past the projectile) exited, Exit of this 
pressure wave gave tise to a pulse of 117 dp peak SPL, The pro- 
jectile exited the silencer 0,3 millisecond after the blow-by wave. 
Its exit was followed by the main efflux of gases, which resulted in 
the positive pulse of 119 dp peak SPL. Following the projectile 
exit and initial gas effiux, the steady discharge of propellent gases 
gave rise to turbulence which, combined with reverberations within 
the silencer, generated a prolonged noise (pt 5) of approximately 
105 db peak SPL. 


Sound signature of the caliber .22 Hi-standard pistol without 
silencer, firing a Short cartridge, 18 shown for reference in Figure 


6. 


Caliber . 22 Silenced Hi-standard Pistol 


During World War II, the U.S, Infantry Board established 
interest in silenced weapons, 37 A variety of weapons, including the 
silenced caliber , 22 Hi-standard pistel (Figures 7, 8, and 9, and 
Table I), were given consideration, It was concluded that all si- 
lenced weapons were bulky and still detectable at close ranges. Be- 
cause of low lethality, it is doubtful if the Hi-standard pistol described 


herein found very wide application. 
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Microphone: Bé&X 4135 


Ly = 100 db 


® Primer Initiation 


Lg m 95 db 


@) Precursor Exit from Silencer 


L3 * 117 db 


@) Blow-by Exit from Silencer 


L4 = 119 db 


2) Projectile Exit from Silencer 


Ls = 105 db (average) 


6) Propellent Gas Discharge Turbulence and 
Reverberations within Silencer 


Sound Pressure-Time History, five meters to side, Caliber .22 Hi-standard Pistol/ 


French Silencer, Using Long Rifle Cartridge 


Figure 5, 
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y = 108 pbars/cm 
x = 0.5 ms/om 
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Microphone: BéK 4135 


@ Primer Initiation Ly = 101 db 
® Precursor Exit from Barrel Lg = 113 db 
ie) Projectile Exit from Barrel Lg «: 135 db 
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Figure 6, 


Precursor Ground Reflection 


Sound Pressure-Time History, five meters to side, Caliber ,22 Hi-standard Pistol 


(Unsilenced), Using Short Cartridge (29-gr projectile; velocity, 1050 fps; peak 
pressure, 16000 psi) 
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Figure 7, Grogs section, Caliber ,22 Silenced Hi-standard Pistol 
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Figure 8, Caliber .22 Silenced Hi-standard Pistol 
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Figure 9, Caliber .22 Silenced Hiestandard Pistol, Disassembled 


TABLE I. Caliber . 22 Silenced Hi-standard Pistol 


Projectile 
Weight (Long Rifle) 
Diameter 
Velocity {at silencer exit) 
Energy (at silencer exit) 
Travel at peak ballistic pressure (estimated) 
Travel in barrel 
Travel time in barrel 
Travel time in silencer 


Propellant 
Weight (double base, flake, web ~ 0,003 in,) 


Chamber volume 


Ballistic pressure 
Peak 
At barrel muzzle (estimated) 


Silencer 
Passage diameter (for projectile} 
Weight (excluding gun barrel and pisto}} 
Free volume 
Around gun barrel {including barrel holes) 
In front of gun barrel 
Wire mesh volume 
Rolled {around gun barrel} 
Discs (front of barrel) 


Gun barrel and pistol weight 


40 gr 

0, 225 in, 

930 fps 

75 ft-lb 

0,4 in, 

6.2 in, 

0.65 ms (approx) 
0,22 ms 


1.7 gr (+ 0.2 gr 
primer) 
0.016 in, 3 


24, 000 psi 
90 psi 


0, 234 in, 
0.63 lb 


1,84 in, 3 
0, 76 in, 3 


0.79 in, 3 
0, 35 in, 3 


2,37 lb 


Silencing of the Hi-standard pistol has been accomplished 
essentially by drilling the barrel and enclosing it in a silencing tube, 
The barrel has four longitudinal rows of "bleed" holes, 0.125 inch 
in diameter and spaced 0.250 inch apart. The primary function of 
the holes is reduction of the baljistic pressure which, in turn, also 
reduces the velocity of a supersonic Long Rifle cartridge below the 


speed of sound, 


22 


The silencing tube surrounds and extends beyond the pistol 
barrel, At the rear it is attached to the threaded receiver extension, 
while at the front it terminates with a threaded cap, Inside, the 
tube contains a roll of brass wire mesh surrounding the barrel and 
a stack of wire mesh discs extending beyond the barrel muzzie. The 
wire screening is presumably intended for cooling of the propellent 
gases, Projectile passage through the front portion of the silencing 
tube is 0.234 inch in diameter, The silencing tube diameter and 
length (beyond gun barrel) are, respectively, 1.0 and 2,5 in. 


Figure 10 shows the sound pressure-time history of the silenced 
Hi-standard pistol, The soundtrace, like that of the French silencer, 
was taken five meters to the side of the pistol muzzle. As can be seen 
from the scope trace, the pistol’smain sound sources were: primer 
initiation (pt 1, Figure 10}, bleed hole blow-by [pt 2), and projectile exi 
(pt 3). The primer initiation pulse, which was predominatly due to 
propellent gas leakage around the cartridge case, had a peak SPL 
of 98 db. The next sound pulse (pt 2) was generated when the blow-by 

occurring through the bleed holes exited from the muzzie, Although 
this sound pulse had a relatively large impulse, its peak SPL was 

only 10! db, Shortly after, the blow-by wave, originated at the gun 
barrel muzzle, exited. This event occurred almost simultaneously 
with the projectile exit, The combined effect of blow-by and gas 
discharge following the projectile exit resulted in a positive puise 

(pt 3) of 113 db peak SPL, Following this, several sound pulses occurred 
(pt 4) due to propellent gas discharge turbulence and reverberations 
within the silencer, 


The magnitude of these sound pulses varied from round to round, 
In the majority of cases it was somewhat lower than that of Figure 10, 
The general negative trend of sound pressure after sound pulse {pt 3} 
was more consistent, representing the eventual decrease of propellent 
gas discharge from the weapon, In general, the relatively uncluttered 
sound scope trace of the silenced caliber ,22 pistol correlated weli 
with its quiet performance. 


Caliber , 22 Silenced AAI Experimental Test Fixture 


The AAI caliber .22 siienced test fixture (Figures 11, 12, 13, 
and Table Hi} was designed by Aircraft Armaments, Incorporated, 
in 1965, The study was conducted as part of a Frankford Arsenal 
contract issued to investigate unconventional use of small arms. 
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Microphone: B&K 4135 


® Primer Initiation L, = 98 db 
@ Bleed hole Blow-by Exit from Silencer Lg = 101 db 
@) Projectile Exit from Silencer L3 = 113 db 
® Propellent Gas Discharge Turbulence and 

Reverbarations within Silencer Lg = 99 db 


Figure 10, Sound Pressure-Time History, Five meters to side, Caliber ,22 Silenced Hi-standard 
Pistol, Using Long Rifle Cartridge 
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Figure 11. Cross section, Caliber .22 Silenced AAI Experimental Test Fixture 
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Figure 12, Caliber .22 Silenced AAI Experimental Test Fixture 


Figure 13, 


Caliber .22 Silenced AAI Experimental Test Fixture, Disassembled 


TABLE ill, Caliber . 22 Silenced AAI Experimental Test Fixture 


Projectile 
Weight 40 gr 
Diameter 0,225 in, 
Velocity {at silencer &cit) 990 fps 
Energy (at silencer exit) 88 ft-lb 
Travel at peak ballistic pressure (estimated) 0.4in, 
Travel in barrel 6.9 in, 
Travel time in barrel (estimated) 0,72 ms 
Propellant 
Weight (double base, flake, web ~ 0,003 in,) 1.7 gr (+ 0,2 gr 
primer) 
Chamber volume 0.016 in. 
Ballistic pressure 
Peak 24,000 psi 
At barrel muzzle (estimated) 130 psi 
Silencer 
Outside diameter 1.0 in, 
Length 6.5 in, 
Weight (excluding action and gua barrel) 0.5 lb 
Free volume {including gun barrel holes} 4,69 in. 3 
Total fixture and silencer weight 1.5 1b 


The AAI fixture is essentiallya caliber . 22 Single shot rifle action 
with a 7-inch barrel, The barrel has a total of 28 holes of various 
diameters drilled along its length, The first four holes are enclosed 
by a section of a Negator Spring, presumably to give adaptability 
to both the Short and the Long Rifle cartridges. Surrounding the bar- 
relisa silencing tube which forms an expansion space for the pro- 
pellent gas escaping through the barrel bleed holes. The expansion 
space is divided by six baffles which isolate each set of bleed holes 
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and thus prevent excessive blow-by, Some chambers Surrounding the 
bleed holes contain rolled steel wire mesh, presumably intended to 


- cool the expanding gases, 


The performance of the AAI silenced fixture is simple in prin- 
ciple, As the projectile travels down the barrel, the propellent gas 
bleeds off through the barrel holes and expands into the Space around 
the gun barrel. The expansion of propellent gas is accompanied bya 
reduction in the ballistic pressure behind the Projectile. By the time 
the projectile exits from the barrel, the propellent gas pressure has 
been reduced to that dictated by the total expansion space (and slight 
heat absorption), The lower pressure behind the projectile at exit 
results in a lower initial propellent gas discharge sound pulse, 


The advantage of this design is that with proper sizes, number, 
and placement of bleed holes, both the precursor and the blow-by 
Sound pulses can be minimized. The system's disadvantages are: (1} 
the premature propellent gas bleeding resultsina reduction of pro- 
jectile velocity; (2) the eventual abrupt uncorking of the barrel is 
accoustically undesirable; and (3) the projectile {especially a lead 
projectile) is susceptible to deformation and erosion by propellent 
gases if bleeding is accomplished tov abruptly or while the gasS pressure 
is still high. 


The sound pressure-time history of the AAI test fixture is shown 
in Figure 14, The trace was recorded five meters directly to the side 
of the weapon, As with the silenced Hi-standard Pistol, the first sound 
pulse {pt 1, Figure 14) recorded corresponded to the time of firing 
Pin fall. The peak SPL of this pulse was 93 db, Since the time between 
this event, primer explosion, and gas leakage around the cartridge 
was small, the three events are not readily distinguishable on the 
scope trace, However, the pulse due to leakage around the cartridge 
Seems to be in the vicinity of 103 db, 


The second and loudest sound pulse (pt 2) was due to gas leakage 
from the joint between the silencer tube and fixture breech, The gas 
leakage, occurring as soon as the projectile passed the first set of bar- 
rel bleed holes, resulted ina peak SPL of 116 db, This sound pulse 
could be eliminated by a tighter fit between the tube and breech, 


The next pulse (pt 3} was due to exiting of the precursor wave and 


the propellent gases which found their way through the bleed holes ahead 
of the projectile, This sound pulse was relatively small, with a peak 
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93 db 


Ly * 


@) Primer Initiation 


Ly = 116 db 


® Gas Leakage from Silencer Tube Base 
(through initial blead holes) 


©) Precursor and Blow-by Exit from Muzzle 


Ly = 101 db 


(via bleed holes) 


La = 114 db 


a) Projectile Exit from Muzzle 


© Ground Reflection 


five meters to side, Caliber .22 Silenced AAT 


Sound Pressure-Time History, 


Experimental Test Fixture, 


Figure 14. 


Using Long Rifle Cartridge 


SPL of 101 db. Shortly after the precursor and blow-by, the pro- 
jectile exited, This resulted in the main efflux of gases from the 
muzzle and the consequent biast pulse {pt 4} of 114 db peak SPL, 
Following this initial blast pulse were the various sound pulses emitted 
from the muzzle due to the reverberations within the barrel and the 
silencer, The last sound pulse (pt 5) was a ground reflection of the 
pulse due to gas leakage at the silencer tube base, As can be seen, 
reflection of the sound pulse from the ground {sand and sparse grasa) 
occurred with almost negligible attenuation, 


Caliber .22 Hi-standard Pistol/ FA Silencer 


The experimental silencer shown in Figures 15 through 17 was 
designed by two Frankford Arsenal employees in 1967, It evolved 
concurrently with the availability of low cost porous metal machining 
stock, The porous metal manufacturing techniques, which only re- 
cently were refined, consist of casting the molten metal over a salt 
configuration and dissolving the salt after the metal hardens. Pres- 
ently, a aumber of metalscan be cast into almost any porosity, 
density, or shape, The silencer described herein is probably a fair 
Tepresentative of its type. 


The caliber .22 Frankford Arsenal silencer was tested with the 
Same Hi-standard pistol used for evaluation of the French Silencer, 
It is all-aluminum, and measures 1, 4 inches in diameter and 6,5 inches 
in length, The silencer is machined from stock which is partiaily solid 
and partially porous (see Figures 15 through 17 and Table IV), Outside, 
the porous section of the silencer is wrapped with electrical tape, which 
limits the propelient gas discharge to only the 0,23 in, diameter 
Projectile exit at the silencer muzzle. Inside, the silencer consists 
of three chambers of different lengths and diameters, 


The outstanding characteristics of the caliber .22 Frankford 
Arsenal silencer are small weight, low manufacturing cost, and rel- 
atively quiet acoustical performance, The undesirable features of 
the silencer are its bulkiness and high erosion rate. Other physical 


and functional characteristics of the tested silencer are listedin Table 
Iv. 


The general acoustical performance of the Frankford Arsenal 
Silencer can be surmised from the sound scope trace shown in Figure 18 
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Figure 16. Caliber ,22 Hi«standard Pistol/FA Silencer 
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cer (with Tape Removed), 


Caliber , 22 Hi-standard Pistol and FA Silen 
Disassembled 


Figure 17, 


TABLE IV. Caliber .22 Hi-standard Pistol/FA Silencer 


Projectile 


Weight {Long Rifle) 

Diameter 

Velocity (at silencer exit) 

Energy (at silencer exit) 

Travel at peak ballistic pressure (estimated) 
Travel in barrel 

Travel time in barrel 

Travei time in silencer 


Propellant 
Weight (double base, flake, web ~ 0.003 in.) 


Chamber volume 


Ballistic pressure 
Peak 
At barrel muzzle {estimated} 


Silencer 
Passage diameter (for projectile) 
Weight 
Totai free volume 
Total pore volume 
Mean pore diameter (approx) 


Porous aluminum density 
Pistol weight (without silencer} 


Time between precursor and projectile exits 
from silencer {estimated} 
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40 pr 

©, 225 in. 

1050 fps 

98 ft-lb 

0.4 in. 

7.0 in, 

0.65 ms {approx) 
0.47 ms 


l7egr(+0.2¢gr 
primer} 
0.016 in, 3 


24,000 psi 
1,000 psi 


0. 23 in, 
0. 47 Ib 
5,6 in,3 
4.9 in, 3 
0,04 in, 3 


0,043 Ib/in. 3 


2.75 lb 


0.90 ms 


y = 20 pbers/em 


x = 0.5 ms/em 
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Microphone: B&K 4135 
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Ly = 103 db 


@) Primer Initiation 


Lem 89 db 


@) Precursor Exit from Silencer 


L3 = 108 db 


@) Blow-by Exit from Silencer 


Ly = 100 db 


@) projectile Exit from Silencer 


G) Primer Initiation Ground Reflection 


Figure 18, Sound Pressure-T'ime History, five meters to side, Caliber ,22 Hi-standard Pistol/ 


FA Silencer, Using Long Rifle Cartridge 


(see Figures 3, 4, and 6 for sound scope traces ot the Pistol without 
silencer). The main sound sources of the silenced pistol were primer 
initiation (pt 1, Figure 18), blow-by (pt 3}),and gas discharge following 
projectile exit {pt 4), The noise due to precursor (pt 2) was relatively 
insignificant. The primer initiation sound pulse (as Previously de- 
seribed) occurred due to gas leakage around the cartridge case. The 
peak SPL of this pulse was 103 db, The next and largest sound pulse 
was that due to the exit of propellent gasea which by-passed the pro- 
jectile. This pulse had a peak SPL of 108 db. The projectile exited 
approximately 0.4 ms after the blow-by. The gas efflux following 

the projectile exit gave rise to a sound puise of 100 db peak SPL, 


In general, the sound signature of the caliber . 22 pistol with 
Frankford Arsenal silencer could be de scribed as a relatively mild, 
muffled hand clap, The system sounded somewhat quieter than the 
silenced Hi-standard pistol, 


Caliber , 30 M1903 Rifle/Maxim Silencer 


The all metal caliber ,30 Maxim silencer herein described was 
designed by H. P. Maxim, The first versions of this U, S, silencer 
were patented and manufactured commercially in 1909, At the time, 
the use of the Maxim silencer was considered by the Army, and 
issue of two silencers per platoon was recommended for training 
recruits, However, due to the ballistic crack of the supersonic 
round, the Maxim silencer, as well as several other designs, never 
found wide application. It is doubtful if, at that time, the use of a 
modified {subsonic} cartridge was given much consideration except 
for special missions, 


The Maxim silencer version recently tested at Frankford Arsenal 
(see Figures 19 through 22 and Table V) is the ''Modei 15" supposedly 
issued to National Guard units during World War I. [tis approximately 
9 inches long and i inch in diameter, The silencer is 0,16 inch eccen- 
tric with respect to the rifle bore, It attaches to the military Spring- 
field rifle by an end nut and two tapering half-sleeves. The front rifle 
Sight must be removed and replaced during the mounting operation. 
Inside, the Maxim silencer is composed of an initial expansion chamber 
followed by 19 equally spaced baffles. The baffles are indented rear- 
ward and off-center from the silencer and the rifle bore axes. 
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Figure 19, 
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Figure 20, 


Caliber .30 M1903 Rifle/Maxim Silencer 


Galiber .30 M1903 Rifle/Maxim Silencer 
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Figure 21, Maxim Silencer for Galiber , 30 M1903 Rifle 
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Figure 22, Maxim Silencer for Caliber . 30 M1903 Rifle, Disassembled 


TABLE V. Caliber . 30 M1903 Rifle/Maxim Silencer 


Projectile 
Weight (Match} 
Diameter 
Velocity {at silencer exit) 
Energy {at silencer exit) 
Travei at peak ballistic pressure {estimated 
Travel in barrel 
Travel time in barrel 
Travel time in silencer 


Propellant 
Weight (M9 double base, flake, web ~ 0,003 in,) 


Chamber volume 


Ballistic pressure 
Peak 
At barrel muzzle (estimated) 


Silencer 
Passage diameter (for projectile} 
Weight 
Free volume 
Outside diameter 
Length (beyond gun barrel} 


Rifle weight (without silencer) 


Time between precursor and projectile exits 
from silencer {estimated} 
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175 gr 

0, 309 in. 

1050 fps 

431 ft-Ib 

0.4 in, 

22,0 in, 

2,3 ms (approx} 
0,56 ms 


7.6 gr (+ 0.5 gr 
primer) 
0,30 in. 3 


20,000 psi 
1,000 psi 


0. 375 in, 
0.63 Ib 
4,0 in, 3 
1,0 in, 
7.0 in. 


3 ib 


1,44 ms 


The Maxim silencer baffle configuration induces the gases, 

_ propagating down the silencer, into a vortical spin. WNo data seem to 
be available on the acutal effectiveness of the principle, However, it 
is conceivable that pressures at the silencer projectile passage could 
thas be substantially reduced. The Maxim silencer's acoustical per- 
formance (Figure 25) ismuch better than would be expected from its 
clearances, volume, and length alone. Thus, some effectiveness 
must be attributed to the silencer's ecceatricity and the askew baffles, 
However, the value of the vortical spin principle still remains ques~ 


tionable. 


Figure 23 shows the sound pressure history of the caliber . 30 M1903 
rifle without the silencer, using a subsonic cartridge. As can be seen 
from the scope trace, the main sound sources are precursor shock 
{pt 2, Figure 23) and propellent gas discharge following the projectile 
exit (pt 3). The corresponding SPL of these pulses are, respectively, 

119 and 137 db five meters to the side of the weapon, 


The sound pressure-time history of the M1903 rifle with the 
Maxim silencer and subsonic cartridge is shown in Figures 24 and 25. 
The system's main ncise sources are primer initiation, precursor shock, 
blow-by, and propellent gas discharge after projectile exit. The primer 
initiation noise,from firing pin fall to the first muzzle sound,is shown in 
Figure 24, The absence of the usually high initial positive sound pulse 
suggests that pas leakage around the cartridge case is very low and 
that most of the system's initial noise is mechanical. Sound pulses 
due to the blow-by and the propellent gas discharge after projectile 
exit are shown more distinctly in Figure 25, Here the blow-by and 
gas discharge pulses are, respectively, 102 and 112 db peak SPL. 
Following these pulses, there is a prolonged, seemingly random, 
noise of approximately 102 db peak SPL due to gas discharge turbu-~ 
lence and reverberations inside the silencer. 


The general sound history and apparent joudness of the tested 
Maxim silencer are comparable to the better silenced systems. This 
is especially significant in view of the relatively high projectile energy 
(431 ft-Ib) and velocity (1050 fps}, Combining this with the silencer's 
adaptability to standard weapons, its relatively small size, and its 
construction (requiring no maintenance or replacement of part Bs), the 
WW I Maxim silencer is one of the better items tested at Frankford 
Argenal. 
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y = 896 ubars/cm 
x = 0.5 ms/em 
lcm = 1 major diviaion 


Microphone; B&K 4135 


@) Primer Initiation Ly = 93 db 
® Precursor Exit from Barrel Ly = 119 db 
@) Projectile Exit from Barrel L3 = 137 db 


Figure 23. Sound Pressure-Time History, five meters to side, Caliber .30 M1903 Rifle 
(Unsilenced), Using Subsonic Cartridge 


y = 43 jbars/cem 


x = 0.5 ms/em 
1 em = 1 major division 


Microphone: Altec BR 150 
: 


@) Primar Initiation Ly = 93 db 
@) Precursor Exit from Silencer Lg = 93 db 
(3) Blow-by Exit from Silencer L3 = 100 db 
@) Projectile Exit from Silencer Lg = 113 db 


Figure 24, Sound Pressure-Time History, five maters to side, Caliber .30 M1903 Rifle/Maxim 
Silencer, Using Subsonic Cartridge 


Caliber , 30 Silenced Ml Carbine 


The silenced M1 carbine (Figures 26 and 27 and Table VI} was 
developed in Enfield, England, about 1945. It is believed to have been 
designed for the Office of Strategic Services, The carbine is manually 
operated and takes standard supersonic ammunition. Because of its 
bulkiness, manual feeding, and not too impressive acoustical performance, 


it is doubtful if the weapon was widely utilized. 


Since standard supersonic ammunition was to be used in the Silenced 
carbine, seven holes of 0,125 inch diameter were drilled in the barrel 
close to the breech, This allowed the gases to be bled off through the 
holes, with a consequent reduction in ballistic pressure and projectile 


The original barrel length was also reduced to ten 
The 


y = 90 pbars/cm 
x = 0.5 ms/em 


1 cm = 1 major division 
93 db 


Microphone: B&K 4135 


muzzle velocity, 
inches, presumably to minimize the final length of the carbine, 


carbine's silencer surrounds and extends seven inches beyond the gun 
barrel, Inside, the silencer has a series of conical baffles, positioned 
The overall length and diameter of the 


Lo = 102 db 
Lg = 102 db (average) 


Ly = 112 db 


ly 
ide, Caliber ,30 M1903 Rifle/Maxin 


throughout its whole length, 
silenced barrel are 17 and 1,4 in., respectively, 


Sound pressure-time history of the tested carbine, five meters 
to the side of the weapon, is shown in Figure 28. The main constitu- 
ents of the noise are: primer initiation (pt 1, Figure 28}, bleed-hole 
blow-by (pt 2), gun barrel muzzle blow-by (pt 3), blast immediately 
following projectile exit (pt 4}, and continuous noise emitted from 
Silencer after projectile exit (pt 5), 


Five maters to s 
ridge 


istory, 
mic Cart 


The primer initiation noise (barely visible on the trace) was 
approximately 94 db peak SPL and was primarily due to the hammer 
fall, The gas blow-by around the cartridge case seems relatively 


insignificant, 


iecharge Turbulence and 


Following primer initiation, the first Significant sound pulse 
(pt 2) was caused by the exit of the pressure wave generated by the 
gases finding their way out through the barrel bleed holes, This was 
8 positive sound pulse of 112 db peak SPL, The secondary blow-by, 
which occurred at the gun barrel muzzle, exited the silencer approxi- 
smately 0,6 ms after the bleed hole blow-by. This generated a postive 


Sound pulse of 122 db peak SPL, 


Reverberetions within Silencer 
Sound Pressure-Time H 
Silencer, Using Subso 


‘1) Precursor Exit from Silencer 


'2) Blow-by Exit from Silencer 
3) Projectile Exit from Silencer 


4) Propelient Gas D 


The projectile followed the secondary blow-by by about 0, 4 ms. 
The immediate accoustical effects associated with the projectile 
exit ( pt 4) are barely distinguishable from the scope trace, This is 
due to the masking effect of reverberations within the silencer and 


Figure 25, 
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Figure 26. Cross section, Caliber .30 Silenced MI Carbine 
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Caliber .30 Silenced MI Carbine 


Figure 27, 


TABLE VI, Caliber - 30 Silenced M1 Carbine 


Projectile 
Weight 108 gr 
Diameter 0. 306 in, 
Velocity {at silencer @xXit) 1058 fps 
Energy (at silencer exit} 270 ft-Ib 
Travel at peak ballistic Pressure (estimated) 0.5 in, 
Travel in barrel 9.2 in, 


Travel time in barrel 
Travel time in Silencer 


1,30 ms {approx) 
0.56 ms 


y * 195 pbars/om 
x = 0.5 ms/em 


Propellant 
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Microphone: B&K 4135 


Weight (WC820 double base, spherical franulation 


0.013 by 0,009 in.) 


13 gr (+ 0.3 gr 


primer} 
Chamber volume 0. 062 in, 3 
Peak ballistic pressure 31,800 psi 
Silencer 
Passage diameter (for Projectile} 0. 375 in, 
Free volume 10, 3 in, 3 
Carbine weight (without magazine) 
Sileaced 6.75 lb 
Standard unsilenced 5 lb 
Time between Precursor and Projectile exits 
from silencer (estimated) 0.41 ms 
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Ls w 118 db (average) 


Ly & 94 db 
Lg = 112 db 
L3 = 122 db 
Ly = 119 db 


Reverberations within Silencer 


(3) Gun Barrel Muzzle Blow-by Exit from Silencer 
3) Propellent Gas Discharge Turbulence and 


@) Bleed Hole Blow-by Exit from Silencer 


4) Projectile Exit from Silencer 


) Primer Initiation 


- 
A 


Figure 28. Sound Pressure-Time History, five maters to side, Caliber .30 Silenced MI Carbine 


discharge turbulence occurring at this time. An approximate value 

of 119 db peak SPL was essigned to the projectile exit pulse, Follow- 
ing the projectile exit frorn the silencer, there was a continuous noise 
of about 118 db peak SPL. This high frequency noise, which again can 
be attributed primarily to internal reverberations, persisted for 
several milliseconds. It is superimposed on a gradual trend into the 
negative sound pressure region, This, of course, signifies the 
eventual decrease of gas discharge from the weapon, 


To a subjective listener, the firing of the silenced carbine sounded 
like a sharp hand clap followed by a distinct hissing sound, 


Cahier . 32 Silenced Sleeve Gun 


Little is known about the origin and history of the silenced sleeve 
gun. It bears close similarity in design and workmanship (Figures 29 
through 32 and Table VII} to the caliber .32 Weirod pistol, The sleeve 
gun is a Single shot item, requiring considerable time for reloading. 
To reload and cock the weapon, the three rearmost threaded sections 
have to be disassembled. Independent operations are required for 
rechambering the cartridge and resetting the firing pin spring. The 
weight (1.7 lb) and general configuration of this gun suggest that it 
was also intended for use as a club. 


Firing of the weapon is accomplished by moving a latch toward 
the weapon muzzle, A rod, attached to the latch and running along 
the top of the sleeve gun, releases the plunger holding the firing pin 
at the rear of the gun. At the base, the sleeve gun is provided with 
an eyelet, presumably fora string to support the weapon in a coat 
sleeve. 


The internal configuration of the sleeve gun, except for dimensions, 
is exactly the same as that of the caliber ,32 Welrod silenced pistol. * 
The 3.25 inch gun barrel contains a series of 20 holes, 0.063 inch in 
diameter, positioned in five rifling grooves. The holes lead into an 
expansion chamber formed by the tube surrounding the gun barrel, 
The tube also extends beyond the gun barrel muzzle by 2,85 inches, 
thus fozming the forward silencer section. Inside, the silencer section 
contains a series of metal and rubber baffles which provide the si- 
lencing effect. 


*See Figure 35. 
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Cross section, Caliber ,32 Silenced Sleeve Gun 


Figure 29, 
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TABLE VII, Caliber . 32 Silenced Sleeve Gun 


= 
E . 
Es Projectile 
Weight 77 gr 
Diameter 0.315 
Velocity {at silencer exit} 700 tps 
= Energy {at silencer exit} 82 ft-Ib 
gy Travel at peak ballistic pressure (estimated) 0. 35 in, 
a) Travel in barrel 3,25 in, 
= g Travel time in barrel {estimated) 0.54 ms 
=a = Travel time in silencer 0.34 ms 
£ : 
= fa’ Propellant 
= _ Weight (Norma, ACP, double base, web~ 0.003 in.) 3 gr {+ 0,3 gr 
= s primer) 
= 0 Chamber 0. 026 in, 
= v 
= > 
= _ 7 Peak ballistic pressure 14,000 psi 
= B 
=s a Projectile passage diameter 
= 1 in steel baffle QO. 38 in. 
= Ea In old rubber baffles 0.25 in. (approx) 
m 
a In new rubber baffles XK-slit 
m= 
F Free volume 
u Around gun barrel 1,18 in. 3 
4 in front silencer portion 1,2in.3 
r 
3) 
Total weapon weight 1.7 1b 
ni 
- 
o 
Me 
Fe] 
» 
fy 
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When examined . 


described were already old so that passage through them waa ap- 


When new, the rubber baffles 
lencer cavity. Therefore, a 


Figure 33 shows and identifies the various sound constituents 
of the tested caliber , 32 sleeve gun with old baffles, The first small 
sound pulse on the trace (pt 1, Figure 33) corresponded to the time of 
primer initiation, This Pulse, 
following it, was approximately 87 db peak SPL (unpublished data), 
and was Primarily due to firing pin fall, Gas leakage around the 
Cartridge case seemed negligible, 


The next Significant sound pulse [pt 2) was emitted from the 
Silencer muzzle, It was identified as the Pressure wave due to the 
propellent gases exiting through the bleed holes and finding their 
way ahead of the projectile, The peak SPL of this pulse was 118 db, 
the same as that for the caliber . 32 Welrod pistol, 


The blow-by occurring at the gun barrel muzzle inside the si- 
jJencer followed the bleed hole blow-by by about 0. 25 ms, This pulse 
was 114 db peak SPL. The projectile exited approximately 0,3 ms 
later. The efflux of Propellent pas immediately following the pro- 
jectile resulted ina Positive pulse (pt 4) of 126 db peak SPL, The 


Positive sound pulse 0,2 ms after pt 4 was due to reverberation in- 
Side the weapon. 


The sound scope trace of the sleeve gun with new rubber baffles 
is shown in Figure 34, As can be seen, practically ali noise Preceding 
and following projectile exit was eliminated by the new baffles. Also, 


the projectile noise was reduced to 120 dp peak SPL. In-general, the 


sleeve gun with old baffles sounded like a somewhat loud snap, Fired 
with new baffles, it so 


unded likewise snappy, but substantially quieter, 


Caliber . 32 Silenced Welrod Pistol 


The caliber . 32 pistol (Figures 35 and 36 and Table Vi) bears 
close resemblance to the 9 mm Welrod pistol* developed in Britian 


eee 
*See Figures 38 and 39, 
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Ly w 87 db 


dD Primer Initiation 


Lg = 118 db 


2) Bleed Hole Blow-by Exit from Silencer 


Lg“ 114 db 


i.) Gun Barrel Muzzle Blow-by Exit from Silencer 


Lg = 126 db 


2) Projectile Exit from Silencer 


() Projectile Exit Ground Reflection 


Sound Pressura-Time History, five meters to side, Caliber .32 Silenced Sleeve Cun 


with Old Rubber Baffles 


Figure 33, 
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TABLE VIL, Caliber .32 Silenced Welrod Pistol 


Projectile 

Weight 77 gr 

Diameter 0.315 in. 

Velocity (at silencer exit) 770 fps 

Energy (at silencer exit) 102 ft-lb 

Travel in barrel 3,9 in. 

Travel time in barrel (estimated) 0,54 ms 
0.43 ms 


Travel time in silencer 


Propellant 
Weight (Norma, ACP, double base, web ~ 0.003 ia.) 3 gr (+ 0.3 gr 
primer} 
Chamber volume 0.026 in. 3 
Peak ballistic pressure 14, 000 psi 
Projectile passage diameter 
0,375 in, 


In steel baffle 
In old rubber baffle (when tested) 


0. 25 in (approx) 


Zn 
= Free volume 
= Around gun barrel 2.6 in,3 
In front silencer portion 2.5 in. 3 
2.5 ib 


Totai pistol weight {unloaded) 


» Caliber ,32 Silenced Welrod Pistol 


Figure 36 
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during World War iI, Externally, 


two is that the caliber . 32 is Somewhat smaller and does not have a 
trigger guard. The Welrod pistol is one of the few weapons Specif- 
ically designed to be “silent.”' It had been Provided with a suitable 


Silencer anda relatively quiet breech mechanism. Although its clip 
{the pistol handle) holds eight rounds 


reloading for each shot, 


Internally, the caliber , 32 Welrod pistol consists ofa metal tube 


ond the pistol barrel, The barrel has 
- 062 inch in diameter) drilled around its pe- 
Tiphery. The holes are positioned in the five rifling grooves and 
lead to the Surrounding expansion chamber. This chamber is sep- 
arated from the front Silencer section by a baffle which has 12 heles 
{0. 062 iach in diameter), The silencer Section, extending beyond the 
barrel muzzle, is four inches iong and contains a 
rubber baffles, The rubber baffles are spaced int 
the metal baffles (Figure 35} 
steel baffles is 0.375 inch, 
baffles, when tested, was a 
rubber baffles probably co 


series of metal and 
ermittently between 
- The projectile passage diameter in the 
The passage diameter in the oid rubber 
Pproximately 0.25 inch; when new, the 
mpletely closed off the silencer interior, 


pulses gen- 

The main sound 
Figure 37}, bleed hole 

The high SP1, (~112 db} 

t sound pulse (pt 1) identify it as that 
the cartridge case, 


erated by firing the caliber - 32 Welrod pistol, 
pulses were due to Primer initiation (pt 1, 
blow-by {pt 2), and projectile exit {pt 3). 

and positive nature of the firs 


The blow-by wave 
as by-passing the projectile through 


approx- 
From the scope trace, 
The last and 


In general the caliber 32 


Welrod sound Signature could be de- 
scribed asa sharp Bnappy crack 
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the primary difference between the 


» the pistol requires slow manuai 


y = 78 pbars/em 


x= 0,5 ms/em 


loom = 1 major division 


Microphone: B&& 4135 
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Ly = 112 db 


Primer Initiation 


a) 


Ly = 118 db 


Blow-by Exit (through Blead Holes) from Silencer 


L3 = 122 db 


cD) Projectile Exit from Silencer 


4) Bleed Hole Blow-by Ground Reflection 


Sound Preasute-Time History, five meters to side, Caliber .32 Sdlencad Welrod Pistol 


Figure 37, 


9mm Silenced Welrod Pistol 


The 9 mm Welrod Pistol, except for size, is externally very 
Similar to its caliber - 32 counterpart. Internaily, however, the 
two pistols are quite different (see Figures 35, 36, 38,39, and Table 
IX), The 9 mm Weirod barrel consists of two sections, front and 
rear. The rear portion contains the gun barrel, which has Sixteen 
9.052 inch diameter bleed holes at its breech end. The gun barrel 
is surrounded by a tube which, together with the threaded front 
bushing, forms an expansion chamber for the 
the bleed holes. The front porti 
the weapon's Silencer. It attac 
bushing. The inside of the sile 
metal, rubber, and felt baffles se 


steel spacer. The Passage through the stce) baffles and 


The pistol examined at Frankford Arse 
flexible baffles - two rubber and one felt, The projectile passage 
through these baffles wag approximately 0. 35 inch in diameter. When 


nal contained three 


» Fecords were also made with new 
Not knowing the condition of the 
made with a reduced charge car- 


containing old baffles is shown in the Sound 
Figure 41. Here the mai 


aig) 


mies 
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Cross section, 9mm Silenced Welrod Pistol 


Figure 38, 


TABLE IX. 9 mm Silenced Welrod Pistol 


Projectile 
Weight 115 gr 
Diameter 0.357 in, 
Velocity {at silencer exit) 640 fps 
Energy [at silencer exit) 106 ft-lb 
Travel at peak ballistic pressure (estimated) 0.4 in. 
Travel in barrel 4.7 in. 
Travel time in gun barrel (estimated) 0.71 ms 
Travel time in silencer 0.60 ms 
Propellant 
3 Weight {M9, double base, flake, web ~ 0,003 in.} 3 er (+ 0.3 er 
2 primer) 
a Chamber volume 0.038 in. 3 
8 
fo] Ballistic pressure 
= Peak 22,400 psi 
eo At first hole lestimated}) 10,600 psi 
bf At gun barrel muzzle (estimated 200 psi 
5 
z Silencer 
Weight (front portion) 0.63 lb 
Fi Free volume around gun barrel 2.3 in,3 
~ Free volume in front portion 4,3 in, 3 
x Projectile passange diameter 
Ps Silencer spool 0, 43 in, 
u In old rubber baffles 0. 35 in. (approx) 
z Through new rubber baffles X-slit 
Total pistol weight {with the silencer) 3.5 lb 
Time between precursor and projectile exits 
c.9l ms 


from silencer {estimated) 
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y = 450 pubars/em 


x = 0.5 ms/om 


L com = 1 major division 


Microphone: B&XK 4135 


@) Primer Initiation Ly = 105 db 
@) Precursor Exit from Cun Barrel Muzzle Li = 131 db 
©) Projectile Exit from Gun Barrel Muzzle L3 2 131 db 


Figure 40. Sound Pressura-Tima History, five meters to side, 9 mm Silenced Welrod Pistol (lesa 
Silencer Section), Using Reduced Charge Round 


y = 90 pbara/om 
x= 0.5 ms/om 
1 em = 1 major division 


Microphone: B&K 4135 


@ Primer Initiation Lyi = 105 db 
@) Precutsor Exit from Muzzle Ly = 111 db 
3) Blow-by Exit from Muzzle L3 = 119 db 


‘@ Projectile Exit from Muzzle 124 db 
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Figure 41, Sound Pressure-Time History, five maters to side, 9 mm Silenced Welrod Pistol with 
Old Rubber Baffles, Using Reduced Charge Round 


(pt 1, Figure 41), precursor exit (pt 2), blow-by exit (pt 3), and 
projectile exit {pt 4). The relatively low SPL [~ 105 db) of primer 
initiation suggests that leakage around the cartridge case was much . 
smaller than that of the caliber -32 Welrod, The precursor sound 
pulse had a peak SPL of approximately 111 db. The blow-by wave, 
which originated from the Propellent gases bypassing the pro- 
jectile in the spool Spacer, constituted the second loudest sound 
Source of the system. This blow-by sound pulse (pt 3) had a peak 
SPL of approximately 119 db. The last and largest sound pulse 

{pt 4) originated at the time the Projectile exited from the Silencer, 
It had a peak SPL of 124 db, and was due to the abrupt propellent 
gas discharge following the Projectile exit, 
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A record of the silenced Welrod with new rubber baffles, firing 
a reduced charge cartridge, is shown in Figure 42. As can be seen, 
the primer noise was unaffected, but the precursor and blow-by 
were practically eliminated by the new baffle s. Also, the projectile 
exit pulse was reduced to 120 db peak SPL. Figure 43 shows the 
trace of the silenced Welrod with new baffles, firing a standard 9 mm 
NATO cartridge (silencer muzzie velocity ~ 930 fps). Here the Peak 
SPL, of the projectile exit was 125 db, 


* 
t 


In general, the 9 mm Welrod with old baffles sounded similar 
to, although somewhat louder than, the caliber - 32 Welrod pistol, With 
new baffles it sounded appreciably quiter than before. 


9mm Silenced Sten Submachine Gun 


The silenced Sten submachine guns {Figure 44) were first 
developed and manufactured in Britain during World War I, They 
were successfully used by both the British Commandos and the guer- 
rillas operating behind German lines. A few of the silenced Stens 
eventually found their way into German hands but, contrary to strong 


recommendations by some, the German High Command did not adopt 
the Sten for general use,* More recently 


portedly used by Allied troops in Korea. 


+ Silenced Stens were re- 


Basically, the silenced Sten (designated Mark US) is a modified 
version of a standard unsitenced Sten submachine gun. The mod- 
ification consisted essentially of reducing the bolt weight, shortening 


* 


However, see Appendix E. 


Ly = 105 db 
Ly = 120 db 


five meters to side, 9 mm Silenced Welrod Pistol with 


New Rubber Baffles, Using Reduced Charge Round 


Sound Pressure-Time History, 


‘) Primer tnitiacion 
@) Ground Reflection 


@ Projectile Exit 


Figure 42, 
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@ Primer Initiation 


@ Projectile Exit 


® Ground Reflection 


Pigure 43, Sound Pressure-Time History, five meters to side, 
Rubber Baffles, Using Standard NATO Round (Projac 


Figure 44, 


9mm Silenced Sten Submachine Gun, 
Silenced Barrels 
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1 ns/em 


x 
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Microphone: B&K 4135 


Ly « 105 db 


Ly = 125 db 


9 mm Silenced Welrod Pistol with New 
tile Muzzle Velocity, 930 gps) 


Showing Type I and Type I 


the bolt spring, and Substituting the replaceable barrel with a si- 
jenced one, Since the 


450 rpm. Some modified weapons reportedly had their breech in- 
sulated with acoustical material, this to attenuate the weapon's me- 
chanical noise (Figure 45), Many versions of the silenced Sten barrel 
are known to have been developed. Two types, both Similar, were 
tested at Frankford Arsenal 


Silenced Sten Barrel, Type I 
ee arrel, Type I 


The Type I silenced Sten barrel (Figure 46) consists es- 
sentially of a drilled length of standard 4 inch long gun barrel and a 


The front end of the silencing tube forms the secondary 
expansion chamber, which is divided by 30 straight, equally Spaced, 
metai baffles, The first and last baffles (0,25 inch thick) consist of 
Stacked wire screen discs. The passage through the baffles provides 
the projectile with a diametral clearance of 0.040 inch, Outside, the 
Silenced barrel is partially covered by asbestos rope, electrical tape, 
and canvas cover to Protect the hands from the tube which becomes 
excessively hot with automatic firing. The overall Silenced barrel is 
13 inches long and 1, 5inches in diameter, By comparison, the stan- 
dard unsilenced Sten barrel is only 6 inches long. Some of the more 
Significant physical and functional parameters of the silenced Sten 
with the Type I barrel are listed in Table X, 


On firing, the forward land rearward) motion of the Sten 
bolt terminates with a considerable slap, 


were conducted 


with the silenced Sten barrels heid and fired in a Special, relatively 


quiet, single shot test fixture (Figures 47 and 43), Since the mechanical 
noise of the fixture is relatively iow, the recorded Scope traces ea- 
sentially contain only the system muzzie noise, 
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Ly ws 93 db 


e) Forward Bolt Slap (no Cartridge) 


Lg = 101 db (maximum) 


{x3 w= 95 db (average) 


@) Mechanical Noise Following Bolt Slap 


de, 9 mm Silenced Sten Submachine 
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Sound Pressure-Time History, five maters to 3 


Gun Bolt Slap, without Cartridge 


hure 45, 


Fu 


TABLE X. 9mm Silenced Sten Submachine Gun, Type I Barrel 


Projectile 
Weight 115 gr 
~ Diameter 0, 356 in. 
= Velocity (at silencer exit) 1000 fps 
a Energy (at silencer exit) 258 ft-lb 
& Travel at peak ballistic preasure (estimated) 0,3 in, 
tees = Travel in barrel 4.25 in 
5 iF +4 wd os < 
= f Travel time in barrel {estimated} 0.42 ms 
-——+ 8 Travel time in silencer 0.71 ms 
a= A 
= eee 
_—— g Propellant 
— : Weight(WCC-6102, doublebase, web~0, 003 in, ) 6 gr (+ 0,3 er 
4 aI primer) 
e a 3 Chamber volume 0.038 in3 
4 z ad 8 
2 = — § er, 
= ——— a Ballistic pressure 
| 4 ——J a Peak 31,000 psi 
§ — 3 8 At barrel muzzle (estimated) 250 psi 
3 S me Pay 2 
= 7 — x wu 
me ——' 3 Silencer Characteristics 
i —e et oo) Passage diameter (for projectile) 0, 50 in, 
4 a — tt 5 Free volume in front silencer portion 11.0 in, 3 
8 — : 2 a Free volume around gun barrel 4,4 in, 3 
iti: 
—_ - = Fl Silenced barrel 
E Qa a Weight 2,25 Ib 
3 ¢ Lenght 13 in, 
ES a Diameter 1.5 in. 
é u 
= a Standard Sten gun barrel length 6 in, 
a) 
a 
2 Total weight of silenced Sten submachine gun 
o (without magazine) 7.7 Ib 
' ¥ Time between precursor and projectile exits 
is ! ' 7 from silencer (estimated) 0.3 ms 
a eee to 2 
fx 
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Figure 47, Assembly, 9 mm Silenced Sten Submachin 


eae Ce 


¢ Gun Barrel (T Di 
Test Fixture (Type 1) in 


Figure 48, 


Disassembly, 9 mm Silenced Sten Submachine Gun Barrel (Type I) 
and Test Fixture 


were: primer initiation (pt 1, Figure 49), 


precursor wave exit (pt 2), g 

blow-by exit (pt 3), Projectile exit (pt 4), and reverberation and jet | 2 

noises after projectile exit (pt 5}, a 5 = 

gE UT x 

The primer initiation noise started and continued after ¥ g 8 c) 

the firing pin hit the Primer, The high frequency, long duration, and 4 @ ns 

low amplitude indicate that it was primarily mechanical in nature, 2 " =a § 

The peak SPL of this noise five meters from the System was approx- 4 oe 3 

imately 93 db, The precursor wave formed in the gun barrel exited ~ ox Og 2 

from the silencer approximately one ms after the firing pin bottomed, a z 
The precursor sound Pulse, although not very distinct, seems to have 


. The Sequence and 
pulses of this noise are inconsistent, 
in general, for any one given round 

k SPLs of this noise are in 
vely, 


varying from round to round, 
the maximum and average pea the vicinity 
of 112 db and 104 db, respecti 

Although the silenced Sten barrel is somewhat bulky, in 


general it compensates for this by very good acoustical performance 
and long service life. Toa subjective listener, the system sounded 


energy outputs, the Sten was one of 
Frankford Arsenal, 


Silenced Sten Rarrel, T It 
——eeerrel, Type 


Externally, 


the Type I and Type Il silenced Sten barrels 
are almost identical, 


The two barrels are also Similar in Principle; 
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94 db 
Ls = 112 db (maximum) 


Ly ™ 93 db 
Ly = 104 db 
Lg = 106 db 
{2 = 104 db (average) 


L2 = 


Sound Pressure-Time History, five maters to side, 9 mm Silencad Sten Submachine 


2) Precursor Exit from Silencer 
® Projectile Exit from Silencer 
G) Propellent Gas Discharge Turbulance and 
: Reverberations within Silencer 
Gun Barrel (Type I), in Test Fixture 


3) Blow-by Exit from Silencer 
(6) Blow-by Ground Reflection 


@ Primer Initiation 


Figure 49, 


however, each contains a slightly different set of internal components 
(Figures 46 and 50 and Tables X and XI). The Type If is distinguishabj, 
primarily in that its gun barrei is slightly shorter and contains two 

sets of bleed holes; its metal baffles (fewer in number) are somewhat 
conical in shape; and, at the forward end, it holds three felt washers, 


In the barrel tested at Frankford Arsenal, the front conica] 
baffles had been modified Previously, as shown in Figure 50, pre- 
sumably for experimental purposes, Acoustically there seems to 
be little apparent reason for this modification; if anything, it made 
the system slightly louder, Originally, acoustical performance of 
the two barrel types was probably very similar, 


Figure 51 shows and identifies the sound constituents of 
the silenced Type II Sten barrel,fired with the test action shown in 
Figure 48. The trace was recorded five meters directly to the side 
of the weapon, The first distinct noise recognizable on the trace 
{pt i, Figure 51) was a sound generated approximately when the firing 
pin hit the primer. Thiaseries of pulses, with its relatively low peak 
SPL of 93 db, was essentially mechanical in nature. The next sound 
Pulse {pt 2) was the first noise emitted from the silencer muzzle, 

This pulse of 101 db peak SPL was generated by the blow-by occurring 
through the gun barrel bieed holes, 


The next sound pulse {pt 3) corresponded to the time when 
gun barrel muzzle blow-by exited the silencer. This sound pulse 
had a peak SPL of 104db, The next, and highest, sound pulse (pt 4) 
was generated by the exit of propellent gas which bypassed the pro- 
jectile through the modified front baffles, 


Exit of this blow-by wave 
Gave rise to a pulse of 113 peak SPL, The Projectile exited approx- 
imately 0,01 ms later, 


The initial efflux of gases following the projectile exit 
resulted in a positive pulse (pt 5) of 104 db peak SPL, Following 
this, the steadily discharging gas gave rise to turbulence which, 
combined with reverberations within the silencer, generated a pro- 
longed noise {pt 6) of approximately 100 db peak SPL, Characteris- 


tically, this noise was of random nature, varying from round to 
round, 


To a subjective listener, the Type II Sten sounded like 
a clap-initiated, gradually diminishing hiss. 


In general, it seemed 
somewhat louder than the Type I Sten, 
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Cross section, 9 mm Silenced Sten Submachine Gun RKarrel (Type U) 


Figure 50. 


TABLE XI, 


Projectile 
Weight 
Diameter 
Velocity (at silencer exit) 
Energy (at silencer exit} 
Travel at peak ballistic pressure (estimated) 
Travel in barrel 
Travel time in barrel (estimated) 
Travel time in silencer 


Propellant 
Weight (WCC-6102, double base, web ~ 0, 003 in, } 


Chamber volume 


Ballistic pressure 
Peak 
At barrel muzzle (estimated) 


Silencer Characteristics 
Passage diameter (for projectile) 
Passage diameter in old felt baffles (when tested) 
Free volume around gun barrel 
Free volume in front silencer portion 


Silenced barrel 
Weight 
Length 
Diameter 


Standard Sten gun barrel length 


Silenced submachine gun weight (without magazine) 
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9mm Silenced Sten Submachine Gun, Type if Barrel 


115 gr 
0. 356 in. 
1000 fps 
258 ft-ib 
0.3 in, 
3,1 in. 
0.3 ms 
0.91 ms 


6 gr (+ 0.3 gr 
primer) 
0,038 in, 3 


31,000 psi 
400 psi 


0,50 in, 
0.3 in, 
2.7 in, 3 
13, D in, 3 


2.5 Ib 
13,5 in, 
1.5 in. 


6 in. 


7.9 lb 


y = 43 pbars/cm 


x * 0,5 ma/em 


<4 
° 
ot 
2 
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Microphone: Altec BR 150 


93 db 


Ly = 


@® Primar InitLation 
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Lg = 101 db 


() Blow-by (through Bleed Holes) Exit from Silencer 


Lg = 104 db 


® Blow-by (at gun barrel ttuszle) Exit from Silencer 


@) Blow-by (through froat cut-away baffles) Exit 


La = 113 db 


from Silencer 


Ls = 104 db 


G) Projectile Exit from Silencer 


{ 


6) Propellent Gas Discharge Turbulance and 


Le = 105 db (maximum) 


Reverberations within Silencer 


99 db (average) 


Lg * 


@) Bleed Hole Blow-by Ground Reflection 


Sound Pressure-Time History, five meters to side, 9 um Silenced Sten Submachine 


Gon Barrel (Type IT), in Test Fixture 


Figure 51. 


9mm P38 Walther Pistol/AAI Silencer 


The 3 mm AAI experimental silencer {Figures 52 and 53 and 
Table XII) was manufactured by Aircraft Armaments, Inc, about 
the same time as the caliber . 22 silenced AAI test fixture (see 
page 21}. This silencer is adaptable to a P38 Walther pistol by re- 
mpving the front sight and securing the silencer to the barrel muz- 
zle with an adaptor sleeve. Although it is rather bulky and acous- 
tically not too impressive, its data are deemed useful for comparison 
with other silencers and silencing fixtures, 


The 9 mm AAI silencer is essentially a simpie, baffled, expansion 
chamber, 5 inches long and 2,5 inches in diameter, The steel silencer 
housing holds eight baffles and nine Spacers, all aluminum. Seven of 
the equal chambers formed by the baffles contain loosely packed steel 


wool, removal of which does net seem to affect the system acoustically. 


There is a rubber diaphragm with an X~slit at the silencer muzzle, 
presumably to restrict gas flow, At Frankford Arsenal this diaphragm 
required frequent replacement as it was easily destroyed by the ex- 
iting projectile. Later it was found that the diaphragm had little 
acoustical effect even when new, probably because it was too thin, 


The outstanding features of the AAI silencer are its very large 
volume {19 in, 3) and the Surprisingly large projectile clearances (a 
0.5 inch diameter passage for a 0, 35 inch diameter projectile}, The 
following sound data are from the firings made with a special subsonic 
cartridge {see Table XII}, 


Figure 54 shows the sound pressure-time history ofthe 9 mm P38 
Pistol without the silencer, recorded 10 meters to the side of the 
weapon. The first sound pulse (pt i, Figure 54) was due to the pre- 
cursor exit from the gun muzzle. This pulse had a peak SPL of 127 db, 
The projectile exited the gun muzzie approximately 0.4 ms after the 
precursor, The accompanying propeilent gas discharge gave rise to 
a sound pulse (pt 2) of 139 db peak SPL. The positive pulse {pt 3) is 
a ground reflection of the blast pressure wave. 


The sound signature of the P38 pistol with the AAI silencer is 
shown in Figure 55, The main noise constituents of the system were 
identified as: primer initiation (pt 1, Figure 55), precursor exit 
{pt 2), blow-by exit (pt 3}, and Projectile exit(pt4}, The first significant 
noise during firing was that due to g25 leakage around the cartridge 
case, The peak SPL of this noise w. approximately 99db, The next 


| 


mz 


aS Se 


HOge CLAMP 
4 


-—— SPLIT SLEEVE 


NbaA WIT ee 


TIEI EE herr 


3,90 


4,78 


8F 


Cross section, 9mm P38 Walther Pistol/AAI Silencer 


Figure 52, 


9mm P38 Walther Pistol/AAI Silencer 


Figure 53, 


TABLE XIi, 9mm P38 Walther Pistol/AAI Silencer 


Projectile 


Weight 

Diameter 

Velocity ( at silencer exit} 

Energy { at silencer exit) 

Travel at peak ballistic pressure (estimated) 
Travel in barrel 

Travel time in barrel 

Travel time in silencer 


Propellant 
Weight (M9, double base, flake, web ~ 0.003 in.) 


Chamber volume 
Ballistic pressure 
Peak 
At barrel muzzle 
Silencer 
Passage diameter (for projectile} 
Weight 
Free volume 


Pistol weight (without silencer) 


Time between precursor and projectile exits 
from silencer 
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115 gr 

0. 356 in, 

925 ips 

220 ft-lb 

0. 4 in, 

4,35 in. 

0,46 ms {approx} 
0.43 ms 


3 gr(+0.3gr 
primer) 
0. 038 in, 3 


22,400 psi 
1,800 psi 


0,50 in, 
3 ib. 
19 in, 3 


2,1 Ib 


0.43 ms 


26 


£6 


y = 450 ubare/om 
x= 0,5 ms/om 
lcm - 1 major division 


Microphone: Altec BR 150 


@ Precursor Exit from Muzzle Ly = 127 db 
@) Projectile Exit from Muzzle Lz = 139 db 
) Projectile Exit Ground Reflection 


Figure 54, Sound Pressure-Time History, ten meters to aide, 9 mm P38 Walther Pistol without 


@ 
3) 
@ 
® 


D 


Silencer, Using Subsonic Cartridge 


y = 90 pbars/cm 
x = 0,5 ms/cm 
lcm = 1 major division 


Microphone: Altec BR 150 


Primer Initiation L1 = 99 db 
Precursor Exit from Silencer Lg = 105 db 
Gun Barrel Muzzle Blow-by Exit from Silencer L3 = 120 db 
Projectile Exit from Silencer Ly = 105 db 


Blow-by Ground Reflection 


Figure 55. Sound Pressure-Time History, ten meters to side, 9 mm P38 Walther Pistol/AAT Silencer, 


Using Subsonic Cartridge 


sound pulse (pt 2) was generated when the precursor exited from the 
Silencer, Its peak SPL was 105 db. The blow-by wave generated at 


This blow-by pulse, with its peak SPL of 120 db, represented the 
System's loudest effect, The Projectile exited about 0.2 ma after the 
blow-by wave. Gas flow at the silencer exit evidently was altered Littie 
by the projectile since the event is not discernable on the Scope trace, 
This, of course, was to be expected with the large blow-by clearances 


and volume, Toa subjective listener, the system sounded unquestion- 
ably loud, 


3mm Walther MPK Submachine Gun/ West German Silencer 


submachine gun itself was introduced, Although somewhat bulky and 
internally elaborate, it is ruggedlyconstructed, well finished, and 


Internally, the MPK Silencer (Figure 56) consists of a 10 inch 
leng by 2 inch diameter expansion chamber containing an elaborate 
assortment of geometrically complex tubes, vanes, and cones, Except 


was due to the Precursor wave and the Projectile exit blast. The two 
POSitive pulses five meters to the side of the MPK were, 
131 and 140 db peak SPL, 
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Figure 57, 9mm MPK Walther Submachine Gun and West German Silencer 
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Figure 58. 9 mm MPK Walther Submachine Gun/West German Silencer 


TABLE XII, 


Projectile 
Weight 
Diameter 
Velocity (at silencer exit) 
Energy {at silencer exit) 
Travel at peak ballistic pressure (estimated) 
Travel in barrel 
Travel time in barrel (estimated) 
Travel time in silencer 


Propellant 
Weight (M9, double base, flake, web ~ 0, 003 in,) 


Chamber volume 
Ballistic pressure 
Peak 


At barrel muzzle {estimated) 


Silencer 
Passage diameter (for projectile) 


Weight 
Free volume 


Unsilenced submachine gun weight (without magazine) 


Time between precursor and projectile exits from 
silencer (estimated) 
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9 mm MPK Walther Submachine Gun/German Silencer 


115 gr 
0. 356 in. 
1000 fps 
255 ft-ib 
0,4in, 
6. 32 in, 
0,62 ms 
0.79 ms 


3 gr{+ 0.3 gr 
primer} 
0.038 in, 3 


22,400 psi 
1,400 psi 


0.41 in,, 0.44 in, 
and 0.55 in, 

1,5 1b (approx) 
15, 0 in, 3 


6. 2 Ib, 


0.69 ms 


y = 830 pbars/em 


x = 0,5 ms/om 


e 
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Microphone: B&R 4135 


99 


Ly = 134 ab 


@ Precursor Exit from Barrel 


Lg = 140 db 


@) Projectile Exit from Barrel 


©) Precursor Ground Reflection 


Sound Pressure-Time History, five meters to side, 9 mm MPK Walther Submachine Gun 


without Silencer, Using Subsonic Cartridge 


Figure 59. 


Although not visible in the trace of Figure 59, the MPK has a 
relatively loud, Prolonged, mechanical noise. This noise is due 
Primarily to the forward siap of the bolt against the breech and 
consequent vibration of the weapon's mechanical components. The 
sound trace of the weapon, fired dry, without a cartridge, is shown 
in Figure 60, The pezk SPL of the MPK's mechanical noise was 
approximately 106 db five meters from the weapon. 


The sound history of the silenced MPK, firing a subsonic car- 
tridge,is shown in Figure 61. The system's first Significant sound 
(pt 1, Figure 61) corresponded to the time of primer initiation. The 
first positive pulse of this sound {approximately 106 db), five meters 
from the weapon, was due to the forward slap of the bolt against 
the gun breech, Approximately 0.2 ms after the bolt bottomed, there 
d gas 
Following primer initiation came 
the first noise emitted from the silencer muzzle. This was a pulse 
{pt 2) of 108 db peak SPL, due to the exiting of the Precursor wave 
generated in gun barrel. The blow-by occurring in the silencer ex- 
ited from the muzzle approximately 0.4 ms later, This gave rise to 


@ positive pulse (pt 3) of 116 db peak SPL. The projectile exited 
about 0,4 ms later. 


Figure 62 shows, essentially, 
silenced MPK, The record was obt. 
with a suede coat. The effect can b 
visible primer initiation noise (pt I 
defined precursor Pulse (pt 2), 


only the muzzle noise of the 
ained by wrapping the weapon 
© Seen most readily in the barely 
» Figure 62) and the more clearly 


In comparison to other Systems, the silenced MPK sounded 
somewhat louder than the 9mm Stens and quieter than the caliber 32 
and 9mm Welrods. Qua litatively, the MPK sound signature could 


be described as a somewhat muffied clap, immediately followed by 
4 diminishing hiss. 


Caliber £45 Silenced M3 Submachine Gun {Figure 63) 


Bell Laboratories Silenced Barrel 
tories silenced Barrel 


During World War I, Bell Laboratories investigated si- 


lencing of various weapons, including the caliber , 45 M3 submachine gun. 
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208 pbars/cm 


y= 


x © 0.5 ms/cm 


1 cm + 1 major division 
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Ly = 106 db 


@ Forward Bolt Slap (no Cartridge) 


Lz = 106 db 


@ Mechanical Noise Following Bolt Slap 


@) Bolt Slap Ground Reflection 


Bolt Slap, 9 om MPK Walther 


without Cartridge 


ry, five meters to side, 


West German Silencer, 


Sound Pressure-Time Histo 


Submachine Gun/ 


Figure 60, 


20T 


£01 


y = 83 phars/em 
x = 0.5 ma/om 
lem = 1 major division 


Microphone: B& 4135 


@® = Primer Initiation Ly = 114 db 
(2) Precursor Exit from Silencer Lg = 108 db 
3) Blow-by Exit from Silencer L4 = 116 db 
@ Projectile Exit from Silencer L4 = 118 ab 
@) Primer Initiation Ground Reflection 


Figure 61, Sound Pressure-Tima Histo: MPK 
ry, five meters to aid 
West German Silencer, Using Subsonic Cartridge aaa pee ee 


y = 210 phats/om 
x © 0,5 ma/om 
1 com = 1 major division 


Microphone: B&K 4135 


@) Primer Initiation Ly w 95 db 
@) Precursor Exit from Silencar 2 = 107 db 
@ Blow-by Exit from Silencer Lg = 116 db 
4) Projectile Exit from Silencer L4 * 118 db 
3) Blow-by Ground Reflection 


Sound Pressure-Time History, five meters to side, 9 mm MPK Walther Submachine Gun/ 
West German Silencer, Using Subsonic Cartridge and with Weapon and Silencer Wrapped 
with Attenuating Material 


Figure 62, 
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Figure 63. Caliber .45 M3 Submachine Gun 


A silenced M3 barrel (Figures 64, 65 and 66, and Table XIV) was 
designed and presented to the Infantry Board for evaluation, Conctu- 
sions from the tests were that the sileaced M3 was quiet, but still 
detectable at close ranges, A thousand silenced barrels were re- 
portedly built and supplied for use by the Office of Strategic Services 


(O55). 


The Bell Laboratories silenced barrel consists essentially 
of a drilled gun barrel and a silencing chamber surrounding and ex- 
tending beyond the gun barrel muzzle, Along its length, the gun barrel 
has 48 holes (0.25 inch diameter} which are positioned in four straight 
rows, During firing, some of the gases are bled off through the 
holes, with a consequent reduction in the ballistic gas pressure and 
the projectile muzzle velocity, 


The silencing chamber is composed of two sleeves of 
different lengths and diameters, connected by means of a reducing 
bushing. The rear sleeve encloses a roll of wire mesh which sur- 
rounds the drilled gun barrel; the forward sleeve, which extends 
beyond the gun barrel muzzle, contains a stack of wire mesh discs. 
The projectile passage through the wire mesh discs is 0.05 inch 
in diameter. 


The mechanical noise associated with firing the silenced 
M3 submachine gun is substantial, if not dominant, As with the Sten 
gun, it was found more realistic to evaluate the silenced M3 barrel 
without the overshadowing mechanical noise. Consequently, the 
sound results described herein were obtained with the silenced bar- 
rel held in a speciai single shot test fixture.* The following sound 
records were recorded by an Ampex 351 tape recorder before being 
transferred to the oscilloscope and the camera film, 


Figure 67 shows a scope trace of the sound pressure-time 
history of a standard caliber ,45 M3 barrel (7.5 inches long) fired 
with a test fixture. The trace was recorded ten meters to the side of 
the weapon. The two prominent sound pulses on the trace were due 
to exiting of the precursor wave (pt 1, Figure 67} and the gas dis- 
charge following the projectile exit (pt 2). The two pulses were, 
respectively, 115 and 130 db peak SPL, 


Sound signature of the Bell Laboratories silenced barrel 
and test fixture is shown in Figure 68. The main sound pulses were: 


*See Figures 71 and 72 
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TABLE XIV. Caliber . 45 M3 Submachine Gun/ Bell Laboratories 
Silenced Barrel 


2 ojectile 
Z Padi 235 gr 
8 Diameter 0. 450 in. 
E Velocity (at silencer exit) 768 fps 
3 Energy {at silencer exit) 310 ft-Ib 
Ee Travel at peak ballistic pressure (estimated) 0,22 in, 
= Travel in barrel 7.4 in. 
io] Travel time in barrel (estimated) 0.95 ms 
3 Travel time in silencer 0.69 ms 
o 
a Propellant 
a Weight {HPC1, double base, flake, web~ 0, 003 in.) 5 gr {+ 0.4 gr 
a primer) 
- 2 Chamber volume 0. 061 in. 3 
a 
u 
a Bailistic pressure 
> 3 Peak 20, 000 psi 
pa At gun barrei muzzle (estimated) 200 psi 
a Silencer 
* Passage diameter (for projectile) 0,56 in, 
" * Free volume around gun barrel 7,2 in, 3 
a Free volume in front portion 2.5 in,3 
ms rs Volume, rolled wire mesh (brass) 2.9 in,3 
G Volume, stacked wire mesh discs (brass) 2,8 in, 
a 
au Silenced barrel 
Er Weight 2.63 Ib 
2a Total length 14, 2 in. 
a6 
AS Standard M3 barrel 
: Weight 1.25 Ib 
Bed Length 7,9 in. 
wo 
3 Standard M3 submachine gun weight (without magazine) 8.1 Ib 
i 


108 : 109 
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TIL 


y “ 230 ubars/om 
* = 0.5 ms/om 
1 om = 1 major division 


Microphone: Altec Br 150 
Tapa Recordar: Ampex 351 


1 Precursor Exit from Muzzle Ly = 115 db 


2 Projectile Exit from Muzzle L 130 db 
2 


3 Ground Reflection 


Figure 67, Sound Pressure-Time History, 


t 
(standard, 7.5 inches Ieee en weters to side, Caliber 


n Test Fixture +45 Submachine Gun Barrel 


y = 23 pbars/om 
x = 0.5 ma/om 
lem + 1 major division 


Microphone: Altec BR 150 
Tape Recorder: Ampex 351 


(2) Primer Initiation Ly @ 93 db 
2) Bleed Hole Blow-by Exit from Silencer Ly = 107 db 


“3: Blow-by (at Gun Barrel Muzzle) Exit from Silencer L3 = 101 db 


' 
= 
o 
~ 
a 
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4) Projectile Exit from Silencer Lg 


5) Bleed Hole Blow-by Ground Reflection 


Figure 68, Sound Pressure-Time History, 4,6 meters to side, Caliber .45 Bell Laboratories 
Silenced M3 Submachine Gun Barrel in Test Fixture 


primer initiation (pt 1, Figure 68), bleed hole blow-by exit (pt 2}, 
gun barrel muzzle blow-by exit (pt 3), and projectile exit (pt 4). The 
scharge following Projectile 
ources of the system. Both 


» The gun barrel muzzle blow-by re- 
suited in a sound pulse (pt 3) of 10] db peak SPL, 


Although the Bell Laboratories silenced barrel reduced 
projectile velocity of the Standard M3 submachine gun from 920 of 
770 fpa, the projectile muzzle energy still remained a respectable 
310 ft-lb. This is only slightly less than the energy of a caliber ,45 


Pistol and 50 ft-lb more than the energy of the tested 3mm silenced 
Sten gun, 


Toa subjective listener, both systems (Bell Laboratories 
M3 and the 9 mm silenced Sten) sounded comparable in loudness, 
However, each weapon had its own characteristic so 


und signature - 
the M3, a mild clap; the Sten, a distinct hiss, 


A disadvantage of 


Table XV) i 


s by 
American 


It utilizes a 5.6 in, 


» the front portion of the tube 
This front section is filled through- 
out its length with closely stacked wire mesh discs 
five irregulariy positioned rubber discs, 


ly 0.5 inch in diameter, Originaliy, 
y or completely closed off the Silencer 


tem is 2 inches shorter than 
that of a standard M3 weapon, This, however, results in only a 
slight reduction in Projectile velocity, 


The AMF silenced b 
with a single shot fixture, 
shows the Scope trace of th 


@rrel was tested at Frankford Arsenal 
shown in Figures 7] and 72. Figure 73 
© sound pressure-time history of the 5. 6inch 
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Cross section, Caliber ,45 AMF Silenced M3 Submachine Gun Barrel 


Figure 69. 


FIL 


STT 


Figure 70, Caliber 


Figure 71. 


- 45 M3 Submachine Gun/AMF Silenced Barrel 


Assembly, Caliber .45 AMF Silenced M3 Submachine Gun Barrel 
and Test Fixture 
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Figure 72, Disassembly, Caliber .45 AMF Silenced M3 Submachine Gun Barrel 


and Test Fixture 


TABLE X¥. Caliber .45 M3 Submachine Gun/AMF 


Silenced Barrel 


projectile 
Weight 
Diameter 
Welocity (at silencer exit} 
Energy {at silencer exit) 
Travel at peak ballistic pressure 
Travel in barrel 
Travel time in barrel 
Travel time in silencer 


Propellant 
Weight (HPC1, double base, flake, web ~ 0,003 in.) 


Chamber volume 


Ballistic pressure 
Peak 
At barrel muzzie 


Silencer 
Projectile passage diameter in wire mesh discs 
Projectile passage diameter in old 
rubber discs 
Free volume (fornot of barrel} 
Free volume around barrel (unused) 
Volume, stacked brass wire mesh and rubber discs 


Silenced barrel 
Weight 
Length 


Standard M3 barrel 
Weight 
Length 


Standard M3 submachine gun weight 
(without magazine) 


Time between precursor and projectile exits 
from silencer (estimated) 
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235 gr 
0.45 in, 
910 fps 
435 it-lb 
0.22 in, 
5.6 in, 
0,85 ms 
0.83 ms 


Sgr(+O.4gr 
primer} 
0,961 in, 3 


20,000 psi 
1,600 psi 
0.56 in. 
0.50 in, 
4.9 in, 3 


2.9 in. 3 
4,5 in. 3 


2.5 lb 
15. lin, 


1,25 Ib 
8.0 in. 


8.1 Ib 


0,56 ms 


y * 230 ubars/on 


x 20,5 ms/cm 
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Microphone: Altec BR 150 


Tape Recorder: Ampex 351 
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Ly = 113 ab 


D Precursor Exit from Muzzle 


Lz = 130 db 


@ Projectile Exit from Muzzle 


(3) Projectile Exit Ground Reflection 


Caliber .45 M3 Submachine Gun Barrel 


cer, in Test Fixture 


ten meters to side, 


-Tima History, 


(5.6 in, long), without Silen 


Sound Preasura 


Figure 73, 


jong gum barrel without a silencer, The trace was recorded ten 
meters to the side of the weapon, The two prominent sound pulses 
‘on the trace were due to precursor wave exit (pt 1, Figure 73) and 
ga discharge following the projectile exit (pt 2). The corresponding 
peak SPL's of the two pulses were 113 db and 130 db. 


Sound pressure-time history of the AMF silenced M3 
barrel (with old rubber baffles) is shown in Figure 74, The first 
sound recorded upon firing the system was generated at the time of 
primer initiation, The low peak SPL (~93 db) of this sound indicates 
that it waa primarily mechanical in nature. The next sound pulse 
(pt 2, Figure 74) was generated when the blow-by wave exited from 
the silencer, This wave, formed by gases bypassing the projectile, 
resulted ina peak SPL of 127 db. Projectile exited from the silencer 
approximately 0.65 ms later, giving rise to the positive pulse (pt 3) 
of 12} db peak SPL, 


In general, firing of the AMF silenced barrel was char- 
acterized by a relatively sharp crack, perhaps only slightly quieter 
than that of a standard caliber .22 Short pistol. Better acoustical 
results would possibly have been realized if the rubber discs were 
new, However, the system's loudness would probably still be limited 
by noise due to abrupt emergence of the massive projectile. {See data 
on 9 mm Welrod,} 


CONCLUSIONS 


The more important physical, functional, and acoustical data 
Of the tested silenced and unsilenced weapons are tabulated in Table 
XVI. The peak SPL's of the various pulses in this table were taken 
from the preceding sound scope traces, In cases where the sound 
Scope trace waa recorded at a distance other than five meters, the 
data were extrapolated for comparative purposes, 


Although in most weapons the major sound pulse was generated 
at the time of projectile exit, there were some weapons {such as the 
Caliber .22 Frankford Arsenal silencer, caliber , 30 carbine, etc.} 
which gnerated the largest pulse because of blow-by. Some weapons 
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1éI 


y © 390 ubars/cm 
x = 0,5 ma/om 
lcm = 1 major diviston 


Microphone: B&K 4135 


® Primer Initiation Ly = 93 db 


(2) Blow-by Exit from Silencer ; Lz = 127 db 


_{3) Projectile Exit from Silencer L3 = 121 db 


D _ Ground Reflection 


Figure 74. Sound Pressure-Time History, five meters to side, 
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(with gun barrel bleed holes) generated a large sound pulse due to 
bleed hole blow-by, In all weapons except the caliber .45 Bell Lab- 
oratories silenced barrel, this pulse was secondary in magnitude, 


The primer initiation peak SPL was found to vary from weapon 
to weapon. There were even substantial differences between similar 
weapons. However, since in most cases the largest primer initiation 
Pulse was due to gas leakage around the cartridge case, substantial 
differences in SPL could be attributed to minute differences in car~ 


tridge chamber clearance or simply to dirt accumulation in the Weapon, 


The highest primer initiation SPL was that of the 9 mm MPK (114 db), 
The caliber .32 sleeve gun had the lowest initiation pulse with a peak 
SPL of only 87 db, 


For some of the silenced weapons, sound scope traces were 
taken at various distances (1, 5, and 10 meters), Although the data 
are not included herein, it is worth mentioning that with some silenced 
weapons the peak SPL readings at 1 and 5 meters were found to differ 
by asmuchas 18 db. This is a 4-db greater attenuation than would be 
expected from a simple spherical expansion. From 5 to 10 meters, 
the peak SPL of some weapons was attenuated by nearly 7 db instead of 
the normal 6 db. It was also noticed that with distance, some changes 
occurred in the general shape of the various sound Signals. In each 
case many of the short sound pulses tended slowly to coalesce, thus 
defining more and more cleariy such pulses as Precursor, blow-by, 
etc. 


The above effects can be attributed to the fact that high sound 
Pressures propagate at a slightly faster velocity than lower sound 
pressures,* Although the phenomenon may bear little significance 
in general acoustics, in Frankford Arsenal tests it was found suffi- 
cient to induce a slow, but noticeable, change in the shape of the 
various major pulses toward that of a balanced N-wave. 


Throughout the sound tests, efforts were made to note how each 
weapon sounded to a listener, Particularly in terms of quality and re- 
lative loudness. These impressions were later compared with the 
corresponding sound scope traces, Although, at most, only several 
listeners were involved, the consensus is nevertheless interesting, 
Almost invariably sound signatures with one or several shock pulses 


— 
*See Appendix C 
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sounded sharp and snappy; the signatures containing a large number 
of pulses or simply more "hash" also sounded snappy, but less 
sharp, more prolonged, more muffled, and more random in quality, 
Sound signatures which were predominatly "hash" (such as those of 
the Sten, Maxim, and carbine) sounded like an abrupt initiation of a 
hiss {or hish), All sound signatures containing distinct and recog- 
nizable shocks seemed more piercing, 


Although the quality of each sound signature was definitely rec- 
ognizable, the primary factor determining the relative loudness was 
found to be the signal's peak SPL,* Whether by coincidence or design, 
the weapons with higher peak SPL almost invariably sounded louder 
and more perceptible, This, of course does not discount the fact 
that there may be other dominant factors affecting a given weapon's 
detectability at large distances, As an example one could consider 
the faster attenuation of short pulses with distance, 


Compiled experimental sound data indicate that the better si- 
lenced systems registered a peak SPI, of approximately 110 db five 
meters from the weapon. In most weapons, the main sound source 
was the abrupt discharge of propellent gas. In some weapons {those 
with flexible baffles) the noise due to gas discharge was relatively low; 
however, the abrupt projectile emergence at the muzzle generated a 
noise just a8 undesirable. The precursor wave of an unsilenced 
weapon generated a peak SPL in the vicinity of 120 db. Most of the 
straight-through silenced weapons tested attenuated the precursor 
down to about 90 db, The mechanical noise was found to depend on 
system design, In some of the quieter weapons, mechanical noise was 
in the vicinity of 90 db, 


Evaluation of the compiled experimental and theoretical data 
indicates that a silenced system quieter than the weapons tested at 
Frankford Arsenal is feasible. However, a system with noise level 
below 90 db at five meters will most likely evolve gradually and only 
with a fuller understanding of the noise-generating mechanisms. 


RECOMMENDATIONS 


1, Conduct analytical design of an optimum silenced small arms 
weapon based on experimental and analytical data generated to date, 


a ee 
*See Appendix F 122 


2, Continue analytical stud: 


. ly of nois8e-generating and att i 
mechanisms in small arm weapoi pee 


3, Acoustical evaluation of small arm weapons should be based 


on identification and interpretation of individual noise sources de~ 
a biccos from oscilloscope traces of the overall weapon sound history. 
eak sound pressure level should be establi ; 
ished i 
ciara, ed as a factor of primary 
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APPENDIX A 
BALLISTIC CRACK FIELD 


When a supersonic projectile exits an unsilenced gun barrel, 
the uncorked propellent gases generate a spherically expanding blast 
wave, The wave initially bypasses the projectile; however, dissipating 
rapidly, it stows downto almost sonic velocity and is overtaken by 
the projectile within a matter of a few feet from the muzzle. Later, 
in the free far field, the initial projectile lag is overshadowed by the 
linear geometric expansions, and projectile, muzzle blast, and bal- 


listic crack acquire approximately the proportional relationship shown 
below. 


MUZZLE BLAST 


MUZZLE BLAST PASSED 
OVER BY BALLISTIC 


Here the sound field consists essentially of ballistic crack, muzzle 
blast, and muzzle blast passed over by ballistic crack, The accous- 
tical significance of balliatic crack and muzzle blasthave been pre- 
viously considered* It only remains to mention thatthe section of 
muzzle blast wave, having been passed over by the ballistic crack, 


*See Appendix C and Reference 46, 
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E HALF ANGLE 


(degreen) 


BALLISTIC CRACK FIELD CON: 


8 


90 


$ 3 8 


®= tan-l G/M? — 1) 


The plot of the ballistic crack field hailf-angle 
2 


PROJECTILE MACH No, 
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&, is shown below, 


Thus, it is seen that, with the usual supersonic projectile velocities, 


the ballistic crack is confined to approximately 2 130° cone to the 
“gront of the weapon. The cone increases to ié0° with Projectile 
Mach number of 6, At Mach 1.5, the cone decreases to about 100°, 


and at Mach ] it vanishes altogether. 

The above data find application when silencing a supersonic 
weapon, Thus, although the silencer will effectively attenuate muzzle 
blast the usually loud and far ranging ballistic crack will still persist 


within the defined frontal cone. To the side and the rear will be 
beard the somewhat weaker, spherically expanding ballistic crack 


reflecting from the weapon, 
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APPENDIX B 


SUBSONIC PROJECTILE FLIGHT NOISE 


Subsonic projectiles generate noise in flight. Although this 
noise is much quieter than that of supersonic projectiles, it can be 
quite loud and detectable at large distances from the projectile 
trajectory. To the side of the passing subsonic projectile, one hears 
the characteristic swish; first increasing, then diminishing in in- 
tensity, Although this noise, like all turbulence-initiated noises, can 
have a seemingly random quality, in the far field it is generally found 
to be periodic, Its frequency depends primarily on the flow velocity 
and the diameter of obstruction in the flow; however, as will be seen, 
several other factors must also be given consideration, A typical 
subsonic, small caliber, flat based projectile generates about 95 db 
peak SPL at 10 meters from its trajectory. In comparison, the 
more streamlined projectiles are generally found substantially 
quieter. 


The basic noise-generating mechanism of subsonic projectiles 
consists, briefly, of the following. Throughout the projectile flight 
a certain amount of air within the turbulent boundary layer follows 
the projectile, (See simplified figure below.) 


“tN DETACHED VORTEX 


The velocity differential between the surrounding air and the air 
traveling with the projectile generates shear forces which accelerate 
the air within the boundary layer into a vortical spin. The attached 
spherical vortex size increases simultaneously with increased spin 
until the vortex is finally washed downstream, Thus, the amount of 
air traveling with the projectile decreases and the process repeats, 
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The energy of the attached spherical vortex2? propagating at 


the velocity of the projectile is 


Ey FE b3 pg ve rT) 


where 


b = vortex diameter, projectile wake diameter; 
Po= air density; 
V = projectile velocity, 


The energy expended by the projectile to generate a single vortex is: 


Eye (Gp satPeVayy (2) 
4 2/¢ 
where 


py? 


Cp = projectile wake area drag coefficient, Phi 


f = projectile vortex shedding frequency. 


Upon equating the above two equations, it is found that 
rp v 

f “Ge-) =z (3) 
Thus, the projectile vortex shedding frequency acquires the familiar 
form of Strouhal frequency, f = (const) V/b, For flat tailed projectiles 
CG, has a typical value of 0,2. When the flow is fuliy attached, which 
is the case with projectile boat tail tapers not exceeding about 15°, 
the wake diameter can generally be assumed equal to that of the pro- 
jectile base flat. If the flow separates before the tail end, then the 
wake cross-section area can be taken as approximately the average 
Projectile area between tail and point of separation, 


Representing the sound generating projectile as a moving 


monopole source, the far field sound pressure to the side of the pro- 
Jectile becomes 


a2 
p-—bk (= ) 
4nr \ dt@ (4) 
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where 


¥ = distance from projectile trajectory; 
a2m 


dté 


= time change of air mass flow rate,from and toward 
projectile, 


The sound pressure,as a function of time,can be represented by 
P = Pp, Sin 2nft (5) 
where 


Pry = peak sound pressure; 
t = time. 


Combining Equations 4 and 5 and integrating, the air mass flow rate 
at the projectile is found to be represented by 


(2)- - 222 cos 2nfit, {6) 


Integration of above equation over a time period of half a cycle yields 
the periodic change in air mass attached to the projectile as 


M = 22Pm im 
£2 


Thus, the peak sound pressure aa a function of frequency and period- 
ically transferrable mass becomes 


ni2M 
Pm = “3 (8) 


But, the transferred mass at the projectile is that of the spherical 
vortex; i.e., 


Me at ho {9} 
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Combining Equations 3, 8, and 9, the peak sound pressure generated 
by the subsonic projectile is found to be 


2 2 
as agn® GeV 


Pm ~ 200 r {10} 


Thus, knowing the projectile shape and velocity, Equation 10 may be 
used to estimate the peak sound pressure. Comparison of such 
estimates with experimental data available to date* from a few 
variously shaped projectiles indicated reatively good agreement, 


—— 
* Unpublished Frankford Arsenal data 


131 


APPENDIX C 


GUN MUZZLE BLAST 


In the far field, a noise generating tube can often be treated 
as a simple acoustical monopole source;“6, 34 that is, its sound 
diverges as a symmetrical sphere, This is most readily borne out 
by the schlieren photographs of discharging shock tubes and abruptiy 
uncorked pressurized cylinders (including small arm weapons), 5, 18 
Each of these cases almost invariably shows the initial shock expanding 
spherically from the tube mouth, It may naturally be further inferred 
that the air or gas behind the expanding shock also moves spherically 
away from the source. 


Physically, a monopole source can be envisioned as a spherical 
baloon expanding or contracting uniformly in all directions, thus gen- 
erating sound pressureswhich also diverge unifgymly in all directions. 
The far field sound pressure for such a source” is given by 


“{1) 


P = far field sound pressure 
‘o = ambient air density; 

r = distance from source; 

Q = volume of ambient air being displaced by source; 
t = time. 


Algebraic manipulation and integration of the above equation yields 


0, dQ 
pdt - lo. (Ge) 
ih 4nr \ dt (2) 
where 
aQi_. Fi 7 
ES} = instantaneous air volume displacement rate at the Source; 


Frat = cumulative area under the sound Signal's pressure- 
time trace. 
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With a source {such as a porous sphere, a nozzle, etc.) of constant 
discharge area emitting gas, the air displacement depends on the quan- 
tity of gas being discharged and on ck this gas expands from discharge 
-to atmospheric pressure, in cases of interest the expansion process 
is generally very nearly isentropic. Thus, the instantaneous air 
ume displacement rate can be expressed by 


vol 
Peyl/ 
dQ \_ { t ¥ 
(ar) = Pe) Ae es 
where 
Pp = absolute pressure of gas at discharge; 
r= ambient air pressure; 


Y = gas ratio of specific heats; 
A, = gas discharge area; 
u, = gas flow velocity at discharge. 


The sound signal pressure-time area becomes related to the 
source gas flow parameters by 


Pet we: en 
hi 2 Apa | (4) 


? 


| = 4qr (e 


Thus, it is seen that the cumulative sound signal impulse is directly 
proportional to the volumetric air or gas flow rate at the source, 
That is, the positive and the negative sound pulses represent, re- 
spectively, an increase and a decrease in gas flow rate, Further, 
since a given increase in gas flow must eventually be followed by an 
equal decrease in gas flow, it follows that a transient signal must 
necessarily consist of both a positive and a negative portion, Each, 
however, may be variously distributed throughout time. Although 
Equation 4 is sufficient to describe the sound field due to change in 
gas flow over a finite time, it is insufficient for application to prob- 
lems involving abrupt initiation or cessation of gas flows. 


Consider a point source of spherical discharge area, Ae If 
the source abruptly starts and continues discharging gas at a steady 
rate, a sawtooth sound pulse will emanate from the source [see 
Sketch). 
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Steady flow conditions will be established behind the sound pulse, 
where gas flow rate will be 


Arbre, = Apa 5) 


A; = source gas discharge area, 4nb2; 
o = gas discharge density; 
u, = gas discharge flow velocity; 


A,P.u = area, density, and flow velocity at some distance from the 
source, 
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If, at the source, the discharge conditions are Supersonic, i.e, 
flow velocity is equal to local sonic velocity, then in the Tange 


, 


-b<x <%o 


r= (B)" ° 
and 

u = alae = o & {7} 

From Equations 5, 6, pis 7, 

Pe p(s) wep 8) 
and 

citi (Ay yr m 
where 


P, = absolute pressure of gas at discharge; 
a, = discharge sonic velocity; 
x = distance from center of source; 


P,a = absolute pressure and sonic velocity at some distance, x, 
from source, 


At distance x, from the Source, the gas will have fully expanded 
to atmospheric pressure, At this locati on, X = Xo, 


P=P., {19) 


o 


From Equation 8, 


i ytl1 
Aty Pe [ay 
x,- Yo {11} 
oO 4m \P, 
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and from Equation 9, 
y-1 


usu Po\ ay 
o* “tl pO (12) 


Ug = flow velocity at pt x. 
Py = ambient air pressure, 


where 


Beyond the distance Xo, the gas remains at consta 


: nt d i 
atmospheric pressure, Thus, for Xo sx sneity and 
sx, 


Eee {13) 


= Po 
Po alee 04 


and, from Equation 5, 


Sf usu ah aoeee Pt VY 
dt AS) 7 pe) \aaaz (15) 


Integrating Equation 15 for the boundary conditions of x = %, at 
eG, 


1/3 vil 3y-2 
x=x seo of. hao Py amt (Be Ay ia 
o| x, “War |B, % FP, (16) 


and } 
P = 
ne 
w= So t 


which describes the location and veloc 


fi ity of a gi i 
Particle with time. Consider now an id ey petcheres ii 


abruptly initiated gas flow 
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and the air particles immediately in front of the advancing gas front, 

The air velocity and location can be described by Equations 16 and 17, 
The pressure of the air is related to its velocity. Thus, if itis assumed 
that the air acquired its velocity by virtue of a passing shock, 29 then 

the overpressure will be given by 


Y¥+i1 2 8 
AP = 
3g YPoM [ +, fi YFivs ee nM (18) 


M = u/ay, air flow Mach No, 


where 


AP = Static gauge pressure, 


For M=1, the overpressure may be estimated by 


AP ww ¥P,M2 a9) 


if it is assumed that the air in front of the advancing gas front acquired 


its velocity through insentropic wave compression, then the over- 
pressure can be expressed by 


pe eel (20) 
2 


For M <1, this overpressure may be estimated by 


AP w ¥PoM (2 


Whichever case is assumed, shock or isentropic wave compression 
(the actual case will be someplace between the two}, it is evident 
that a reasonable overall representation of the overpressure in 
termes of velocity is obtainable with 


kz 
AP = kyM {22) 


where 
k) and kz = appropriate constants. 
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Now, a spherical pressure wave di i i 
peas, Ha verging from its source can be 


r {23) 


where 


4P = overpressure at given distance x from center of Source; 
P = overpressure for sound pressure) at distance r 


Substituting Equations 16, 17, and 2] inte Equation 23, the far field 
Sound pressure due to abrupt initiation of gas flow becomes 


YP oXoto 
P = = aa 
i Cr SE: > hr; {24) 
3ugt V/3 3 173 
r] 28ot , 1 Ugt 4 i 
Xo Xo 


Equation 24 describes @ famil i 
y of curves dependi i 
(ug/xo) (see sketch below}, ° fe 


(p/p) 


P/P,, = conse, 


Tt can be seen that in each case the sound pressure decreases 
exponentially with time, The rate of decrease, however dices o1 
the characteristic flow parameters of the source, Except at the ti : 
when the sound pressure is very near pm, the factor Wot/xXp re Ae 
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substantially larger than 1, and the sound pressure can be estimated by 


Pm {25} 
Supt 1/3 
P| 


Taking the time t as the representative time period of the sound 
pulse and rearranging Equation 25, 


pr 


3 3 fae yr =. 
(2m ) Xo ( 2) Ar (x 4y 
P =i? am \Po 
tis aa oe Tay (26) 


If the time period is established at a constant pressure ratio{p,,/p), 
then it will depend only on the source discharge area, discharge pres- 
sure, and discharge velocity, and can be expressed, generally, as 


3¥-1 
A, (F 5 
4n \Po 

Uu 


Tic (27) 


where 
C = an arbitrary constant, 


This equation is seen to be similar in form, to the "Strouhal" frequency 
except for the additional factor (P,/P,)>” “'** It is to be noted that 
the sound pulse duration remains relatively independent of the equation 
used for relating the air pressure to its velocity, The only prerequisite 
is that it is of the form described by £quation 22, 


Some insight into the above problem is to be gained by con- 
Sidering the nonlinear propagation of strong sound pulses.!3 Con- 
Sider a relatively strong sawtooth sound pulse (shown in the following 
Sketch), 
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XO) 


ar | T . 


By virtue of higher ‘ 

Pressure, the shock front 7 
faster than the pulse tail {point 2). ae eee, 
is 


i will progagate 
The velocity of the shock front 


(28) 


Thi i ; 
pulse tail, of course, Propagaics at approximately ambient sonic 


ee pes a to this velocity differential, the pulse will tend to 
etch out with time {and travel), Change i i 

. ge in the pul i 
caa be represented in differential form by Be ee tee 


ar 2 422) Pm dr 
4¥ Peay (29) 


Corresponding to this increase in 
pressure will decrease, 
the relationship between p 
represented by 


pulse time duration, the peak sound 
For the spherically expanding wave front 
ulse pressure, duration, and travel can be 


T : ae bs 
Pm LPmiT) (30) 
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where 


T,andp = pulse duration and pressure at some reference 
1 1 location, rj]; 


Tandp,, = pulse duration and pressure at some location, r, 


Solution of Equations 29 and 30 indicates that the instantaneous peak 
sound pressure of a sawtooth pulse can be represented in terms of 


its travel by 


Pmifi B1) 
Ph = 
= yvt2 path Ga(S\ ea)” 
2y PoaoT] ry 


The sound pulse timie duration, as a function of travel, is 


1/2 
T 7," a in (=) #1 (32) 


Thus, it is seen that the relative time duration of a sound 
pulse with long wave length and small amplitude changes Little 
with distance from its source. On the other hand, short sound 
pulses, especially those of high amplitude, can significantly incrase 
in time duration. This time increase is accompanied by a proportionate 
decrease in amplitude beyond that of the simple spherical expansion. 


Consider now a long pressurized cylinder [sketch following} 
containing a gas. Initially, the gas is at some absolute pressure, 
Py, and absolute temperature, Ty Initial velocity of gas is zero. 
As the cylinder is suddenly uncorked, a sawtooth sound pulse emanates 
from the mouth of the cylinder while a rarefaction wave travels in- 
ward, Until the rarefaction wave reflects from the bottom of the 
cylinder, the discharge conditions at the tube exit remain relatively 
Constant and dependent on the initial gas conditions, 


If the initial sound pulse due to abrupt initiation of gas flow is repre- 
sented by a right triangle of amplitude, p,,,,and time duration, T, then 


T 
Joa = <m— (33) 
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nd subsonic conditions prevail at the tube exit, i.e,, locally, flow 


velocity is smaller than Sonic velocity. wel 2yity-1) 
‘ if the initial gas pressure is P, 2 Po ; ) 
2Y 
ae 37) 
P= Pi(2)y=1 a: .28P { 


2a} Za, T1 (3B) 
%- Wri” yr TS 


In this case the gas is discharged at a velocity just equal to its local 
sonic velocity. This is the usual case found in unsilenced {and most 
silenced) weapons, as here the pressures encountered are generally 
above critical, From Equation 27 the time duration of the sound pulse 
due to uncorking of a pressurized cylinder is 


3¥-1 


tex SPs (39) 


where 
and, from Equation 4, the 


peak sound pressure becomes 


d = diameter ot the cylinder; 
k = 3, an empirical constant. 


Po 7B, ily 
Pm © Ter ( ALY 
2urT PD t Combining Equations 34, 37, 38, an 39, the peak sound pressure due 


34 
(34) to an uncorked cylinder becomes 


where Ai, Py, and Up are, respectively, discharge area (ma? 74), pres- 


sure, and velocity, yi 
ee 5-34 
; 2W-l) pa of P a 
Gas discharge from the cyli at = Z : a i 1 {40} 
ylinder depends on the initial ig 2,29 P ¥(——— ee 
+1 we 848 Conditions, “> m 1 Pp 
wR < Py (X51) avy le 3.6P.,, (y+) gkr \T, zy 
Pe = 
t= Po (35) and it seen that the peak sound pressure is directly proportional to the 
y~-1 initial absolute gas temperature and only weakly dependent on the 
¥-1 ites 
— Za) me ka w 8 [Ty re (23 a initial gas pressure, as long as it is above critical. However, since 
¥-1) Py (y- 2) T, PB) (36) in the gun,high pressure is generally accompanied by high temperature, 


the peak sound pressure is not completely independent of the initial 
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cylinder pressure, [fg it is assumed 
wae compressed isentropically to its 
TL = Ty (Py / Py) WDA ana Equatio 

sound pressure in terms Pf gly the initial cylinder pressure, The 


result is that Pm on p, WH & seems to correlate reason 
ably well with experimental data available to date, 


that the gas being discharged 
initial condition, then 
m 40 can express the peak 


The sound pressure field of the uncorked pressurized cylinder 
is directional, pressure bein, 


ward. Directly to the side 
average. This directional 


P, 
Pe 2 Pm (41) 
fi -— cos 8 
n 


where 


Pma@ = peak sound Pressure at given aximuth angle, 6; 
Mr = u,/a,,discharge nach No.; 
n = constant equal to approximately 23 
Pr = Peak sound pressure directly to the side. 


And the peak sound 


Pressure level at given azimuth angle, of course, 
becomes 


Lig * 20 log [aez] 14x 
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APPENDIX D 


GUN SILENCERS 


Consider a typical silenced weapon, consisting of a ee 
sti nd a baffled silencer of volume v2 (see sketc 2 " 
ion a is the projectile is accelerated by the high pressure 
pa a  nateal” Following this, the projectile travels through 
ani os hile the propellent gas expands into the silencer neuer 
ied SS ote eetils Just prior to exiting from the gun barrel, it e 
Sen ae are typically in the vicinity of 2000° F and 3000 psi, 
prope: 


pen 


me 
7 


During its expansion into the silencer cavity, ieee ie ag 

8 mixes with the air contained within the silencer, a aac 
negate at ambient pressure and temperaiure, is Snake He 
cee Ee cai ca ee Se aide 

ical silence > te 

eke sais times that of its gun barrel, the auenpoay 
within the silencer just prior to Projectile exit are ° (ca: 
of 60 psi and 300°F. The projectile, being patra is ate 
travels through the silencer at a velocity close to . 
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shock, sonic and f1. iti 
. ow velocities of air or imi i 
a function of pres sure, a a ad 


@ pede; 
U2 
c= fh E 

@ Le Weve Faloci 
= 
= qm “(t y - 
3 @ yl Fa) yA 
yy dy yz 
j yl 


© Isestropic wave sonic Velocity: 
pay 
ales (2 bad 


projectile exit will be 
Pi \Iiy v2 
- p_ + VL 
Pp, =P pe 

Se 1+ 72 

‘1 


{1) 


which can be simplified to 


ify 
Po +%1 


Ps a Po rar rar (2) 


Vv 


1 


P_ = absolute propellent gas pressure in gun barrel at the 
time of projectile exit from gun barrel. 


Ps = ambient air pressure {14.7 psi): 
¥5 = Silencer volume; 
v, = gun barrel volume; 
¥ = ratio of specific heats for air and propellent gas (actually 


for air, y = 1,4; for propellent gas, y ~ 1.2). 


Similarly, the absolute temperature of propellent gaa in the silencer 
at the time of projectile exit is 


G4) (2) w= 
Plipt yy 
-T Joe ALS Q) 
a2 | v2 P) l/y 

=) (et 


T, = absolute temperature of propellent gas at the time of 
projectile exit from the gun barrel. 
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The crate temperature of air compressed in the silencer is 
(Pr/P 9) D/y 


2 2A) 


air temperature may be assumed to be the same as that of propellent 
gas fi.e., that given by Equation 3), 


T » which is very nearly equal to Tz. Thus, the 


Projectile exit from the silencer will be followed by an efflux 
of gases. AM the time of this exit, the silencer Pressure is 


P)sPo(iel ia rer Spe ae 


and 


u = fe a,|Jil - Po a 7 a 2h sce ae (5) 
t ah 2 i 
y P2 By ° P2 


where P, = absolute discharge pressure: 


Pps Po (4) 


a, = discharge velocity; 


a, = Sonic velocity within silencer at time of projectile exit: 
ay = ambient sonic velocity, 
Ty = absolute ambient temperature. 


In this case the discharge conditions will be subsonic; that is, gas 
flow velocity will be lower than sonic at the point of discharge (uy 


=,). If, on the other hand, the silencer pressure at the time of 
Projectile exit is p, , p a +1 y (y-1} 
22 85 nr ae wl.9Py 
then ‘ 
+1 
P,= P,(4)" (6) 
t* P27 
and 
z 2 ase 2 4 [T2 {7) 
u - ytl 2 ytl ° 


o 
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ischarge conditions will be supersonic, with the flow velocity 
Now the eer i equal to the local sonic velocity (u=a,). This, 
at rear ee ay condition to be expected in most conventional 
nance we as projectile exits from the silencer, the abrupt un- 
ee a internal pressure will generate a sawtooth sound pulse. 
she duration of this pulse is given by Equation 39 of Appendix 


Cc, | 3y-1 
: Ta 
kd\ PS (8) 


Uy 


where 
k = 3, an empirical constant; 


d = silencer exit diameter, 


The peak sound pressure of the sound pulse is described by Equation 
23 of Appendix C, 


p P,Y\lfy 
ee en WL a ee e 
m 2nrT oO 


Pg = ambient air density; 
r = distance from the weapon; 
= nd@/4, silencer discharge area, 


bod 


Combination of Equations 6, 7, 8, and 9 yields the peak sound 
Pressure of an abruptly uncorked silencer, to the side of the wea- 


Pon, as 


ytl 5-3y 
2_\¥y=1) YPod /T2\/P2\ay (10) 
7 Ber 7, \Po ; 


where 


P2 ana T, are the absolute silencer pressure and temperature, 
respectively, established by Equations 2 and 3. 
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If the silencer temperature is related to the silencer pressure by 
Tp = Ty (P2/P,)-1) » which is not an unreasonable estimate, then 


on P +I) /4y_ The peak sound ressure level of the uncorked 
Pm 2 P P: 
Silencer (from Equation 10) can be described as 


Itis interesting to note the effect of heat absorption in the Silencer 
on the peak sound pressure, If, similarly to the above, the silencer's 
pressure is related to its temperature by Pow P (T2/T,)~ Ly 
the peak sound pressure can be expressed ag a fi on of only the si- 
lencer temperature, which gives py on T2 (Vel) /aty - y With maximum 
heat absorption in the silencer, temperature T2 wili have been reduced 
to ambient temperature To: From Equation 10, the attenuation of peak 
sound pressure level thus to be attained in a typical silencer is in the 
vicinity of 6 db, 


A certain amount of blow-by ina silenced system is unavoidable, 
Since, for the sake of system accuracy, a clearance must exist between 
the silencer and Projectile, some Ppropellent gas usually bypasses the 
Projectile in the silencer, The effect of this blow-by on gas discharge 
from the silencer immediately after projectile exit can be surmised 
from the following. 


The pas discharge following Projectile exit from the silencer is 
primarily dependent on the quantity of gas contained in the system at 
that time, which, in turn, is determined by the percentage of gas lost 
through blow-by. The Percentage of gas lost can be represented by 


where Am = 845 mass iost through blow-by during time projectile 
traverses Silencer; 
m = initial total mass of gas in system; 
t = time; 
P2 = 
The duration of blow-by is limited to the time it takes the projectile 


to traverse the Silencer, If, during this time, a constant and unre- 
stricted (maximum) gas flow rate is ag sumed, then 
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Lt 


J, cAeeeucdat = Avent Be 


silencer discharge area; 

0 = discharge gas density; 

discharge gas velocity; 

time it takes projectile to traverse silencer. 


av 


ae 
i 


With maximum discharge conditions, 


oe ae (14) 
i 
PE = (<2 :) 


ie ie ee 62 (15) 
* WaT ay 


The silencer discharge area is approximately 


A fl {16} 


volume of gun barrel; 
length of gun barrel; 


ed 
" Uy 


The time it takes the projectile to traverse the silencers is 


4 a7) 


aM 


£, = silencer length; 


E 
a 


projectile Mach No, 


With these definitions, Equation 12 reduces to 
ytl 


ee ae (18) 
=)? aaa 


Moe) 
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Substitution of typical quantities into Equation 18 Teveals that, 
within the time restraint, the maximum percentage of gas a typical 
silencer can lose through blow-by is in the order of 5 percent, 
From this it may be concluded that the blow-by has a very 3smali 
effect on the gas discharge occurring at the time tne Projectile exits 
from the silencer, 


Examination of Equation 9 feveals that the peak sound pressure 
is inversely proportional to the tirae duration of a given sound pulse, 


given discharge rate rather than by the system's maximum discharge 
rate (Equation 8), Thus, it becomes evident that the longer the 
System takes to reach its maximum gas discharge rate, the quieter 
it will be. Practically, it means that it is desirable to start the gas 


een (19) 
aM © 


With this time period {and Equations 6 and 7}, Equation 9 gives the 
peak sound pressure as 


Attenuation of a precursor wave in the silencer is somewhat 
different from that of a blast wave, Whereas the latter involves high 
pressures which present a formidable b@s mass transfer probiem, 
the former can be expected to expand through the silencer at almost 
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i i the assumption that the re- 

- ; locity, This allows P 2 : 
ambient Pee esa cae within a properly designed silencer bes 
oan meee no effect on the forward wave front. Ina properly 
prac 


pao baffles or other silencer components would 


ry i er, the : z 
designed peer not impede the natural spherical expansion o 
be one ze ican the silencer. Example of this can be 5eer wi 
«gave trom 


th rearward-slanted, conical baffles. 
2 


ider now two gun barrels identical in ali respects except 
si 

ser equipped with a silencer (see sketch below). 

that one 


as Siri 


i ill 
In the first case the precursor wave generated in the gun barrel wi 


be unattenuated. At some distance r, in the far field, its sound 


Pressure will be 


. _ Pate ea 
PS = 
where 
45 = silencer length; ; Se. 
Be = precursor sound pressure ‘gaugejat distance £ from gun muz 
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In the second case th 
: € precursor wave will fi i 
ay, i ot rst expand un 
bendy ort in the silencer Prior to expansion into oe pRaiihie ene 
© front end of the Silencer, the Precursor wa ee 
an absolute pressure, which can be estimated by 


ve front will Benerate 


The velocity of this flow will be given by 


Expansion of this equation and eliminati 


dene ae Cae On of lower order terms re- 


uw /By-Iyp 40 
evi ze Pe (24) 
Corresponding to this flow velocity, the discharge pressure 


(guage) at the Silencer exit will be 


Pout 
R= a = V8y- P2 {25) 


Spherical expansion of this overpressure to the far 


the attenuated Precursor sound Pressure nag oa 
, 


which can be written as 


Ps" we Ped _ ¥8ly-1) P2d 


4r 4r a 


where 
d = diameter of silencer muzzle opening 


Combining Equations 21 and 26 


ives 
sound pressure in terms of the unatte : oo Pee 


nuated quantity 


: 
P3 2 2 t2 
P3 y-i @ sa 
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The attenuation of the precursor,in decibelsjis 


P3' 
AL = 20 log eu = 20 log (28) 


Substitution of typical quantities in Equation 28 indicates that a 
properly designed silencer, approximately 6 in. long and .35 caliber, 
can be expected to attenuate the precursor by some 30 db, 


An interesting prcblem presents itself in considering attenuation 
of the silencer type shown in the first diagram of the following sketch. 


Here, the silencing volume is separated into two chambers, one in 
front of and one surrounding the gun barrel, A bleed hole (or series 
of bleed holes) leading to the surrounding chamber is provided in 
the gun barrel, As the projectile passes the bleed hole, the propel- 
lent gases in the gun barre] expand into the surrounding chamber. 
When the projectile exits into the front silencer section, the pressure 
in the gun barrel decreases and the gas flow in the bleed hole re- 
verses. If the bleed hole is sufficiently small,then, because of the 
greater initial pressure differential, gas flow will be faster into the 
surrounding chamber than out of it. This technique is capable of 
substantially reducing the pressure in the front silencer at the time 
of projectile exit, An optimum exploitation of this technique would 
be to introduce a one-way valve in the bleed hole leading to the 
surrounding silencer cavity, Consider the silencer with a relatively 
large bleed hole, so that gas flow into and out of the surrounding 
chamber is relatively rapid, The gas expansion processes will be 
very nearly isentropic so that the silencer pressure at the time of 
projectile exit from the silencer {from Equation 2) will be 

Pl 


G)” 
(25 v3 


7) 


yee i 


= {29) 


Cc 
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P= ambient air pressure; 
Py = pressure in gun barre] just before bleed -off; 
¥v) = volume of gun barre] before bleed-off; 


y= volume of silencer chamber Surrounding gun barrel; 


= volume of front Silencer chamber. 


ue 
4 


Beyond this point, however, the 8aSe5 remaining in the §un barrej 
will expand into the forward silencer section while the £45es in the 
Surrounding chamber wijl be trapped Pending possible slow release, 
isentropic expansion up to the gun barrel muzzle 8ives the gas 


r 
Bj : 
Prep, iif +) (30) 


Expansion of the gases remaining in the gun barrel into the forward 
Silencer section Bives the silencer Pressure ag 


Pp," = PL a (31) 
@) 


This, combined with Equation 30, Bives the silencer Pressure at 
time of projectile exit as 


loo +1 (32) 


Solving for minimum P3"', it is found that the greatest reduction in 
Pressure occurs when 
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(33) 


Substitution of typi i ilence i uation 33 
i iti din silencers into Eq 

i i £ cal quantities foun: : : 
indica a that in order to obtain maximum attenuation, the aaa 
oe aii cham oximately 0.7 times to e for- 
silen: ber should be appr 7 the f th . 

5% d chamber i i ttenuation of the silencer wit 
war . The difference in ai : ‘ ha 

hole valve and the simple volumetric silencer can be estimated 

bleed a 


from 


Par pvt lvay (34) 
AL = 20 log Br 


i d 
re P;' & Pare as defined by Equations 29 and 32, age rs 
bi with ean barrel pressure of 2500 psi and silencer - a en 
ieee ratio of 20,the bleed hole valve ctsiaae a ae as 
oe ; ion i k SPL. e tec 
i itional 4 db attenuation in pea’ ; 
ins rap a effective with small volume silencers and less 
2 exp 


effective with larger ones. 


¥— 


See Equations 10 and 11, 
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Unirep States Patent OFFICE. 


READE MACON WASIIINGTON AND ALFRED WILLIS CAPY, OF DALLAS, 
TEXAS, ASSIGNORS OF ONE-FOURTH TO SAID WASHINGTON. 


ATTACHMENT FOR BARRELS OF FIREARMS. 


SPECIFICATION formmg part cf Lolters Patent Wo. 868,094, dated October 2, 1900. 
Application Kled Jaanary 5, 1995. Barial Bo, 701,949. |Fo- model) 


To adi whom it may concern: 
Be it known that we, READE Btacow WasH- 
INCTON and ALFRED Wiis Capy, of Dallas, 
in the county of Dailas and State of Texas, 

§ have invonted a new and useful Attachment 
lo the Harrels of Firearms, of which the fol- 
lowing is a fall, clear, and oxact description. 

One object of my invention isto provide a 
aimple, light, yet durable devica adapted for 

© altachment bo the inuzzlea of rifles, muskets, 
ant other arma adapted to fire ballets, and to 
80 construct the attachment that it will tou 
terially wedify or entirely prevent the poise 
made when a weapon is discharged, and will 

5 also act losnppress theamoke almosteutirely 
when black powder is used, 

A further ohject of the invention is to at- 
tain the ends above set forth without impair- 
ing the power or accuracy of the weapon. 

© The invention consists in the Dave! con- 
struction and combination of the several 
Parts, as will be hereinafter fully sat forth, 
aod pointed out in the elnime. 

Reference isto be had totheaccompanying 

5 drawings, forming: Part of this Specification, 
in which similar characters uf reference *-Wi- 
cale corresponding parts in all the figures. 

Figure 1 is a side elevation of a rifle and 
the attachmeut applied there. Fig. 2 ia a 

© longitudinal section through theattachment, 

drawn on a larger scale than in Fig. |, and 

aleo a longitudinal section through that por- 

tion of the barrel to which the attachment ia 

applied; and Fig. 3 iva trausveree vertical 

5s eetfon taken practically on the line 3 3 of 
ig. 2, 

A represents acasinz, which is usvally made 
oval in eroas-section, as shown in Fig. 3, 
This casing is provided with « collar 1Gatthe 

® rearend of ita body portion, and the said eoil- 
jar is adapted to be screwed upon or otber- 
wise attached to the forward or imuzzle end 
of the barrel A‘ of a gun, as shown particu- 
larly in Fig. 2 At the rear lower. portion of 
5 the body-easing Aa tubular extousion t1 ia 
formed, which is usally circular in eroaa- 
Section, bul may have other cross-sectional 
fontour. The exteanion 11 from the casing 
is adapted to extend rearwardly boneath the 
® barrel a pecessary distunes. when the casing 
is attached to the barrel and+is fastened to 


the barrel by a atrap or its equivaleat, In 
order that the oxtension 1! of tbe body and 
in fart the chainber in the body proper may 
de readily cleaned when desired, the rear end 55 
Portion of the extension 1] isclosed bya plog 
12, Berewad therein or otherwise detachably 
secored in place. The upper surface of tha 
casing A ip flush with the corresponding sur- 
face of the harrel in order that the sight of $0 
Said barre! shall not beinterfered with. The 
space withia the casing A end the extennion 
il may be termed an “expansion-chamber;” 
bnt certain portions of this 6x pansion-cham- 
ber are shot off, aa will be hereinafter stated. 65 

The body-casing A is mispted to receive a 
cap B, the cap being at the forward or deliv- 
ery ead of the casing, and this capis adapted 
toslide withia the body-casing and is held in 
engagement therewith in any approved man- Pp 
aer—ss, for example, thzuugh the medium of 
spring clips or tungoes 13—as shown in Figs. 
laad 3, The inner face 14 of the tap B is 
inclined, the inclination being from the ap- 
per edge downwardiy and forward ty,and the 75 
innerface of the enp ia open froma point ator 
near its bottom to a Pointavarthetop. The 
Upper portion of the inner inclined face of 
the cap B is provided with 8 doflecting-plate 
35, and the said defecting-platehasan open- Bo 
ing 16, the canter of anid opening being io 
dongitudinal alinoment with the axis of the 
bore A’ of the barrel. 

Immediately forward of the opening 16 in 
the deflecting-plate and at the forward np- 35 
Per end of the exp a chamber 16* is formed 
provided with an inlet 17, the center of which 
inlet is ine plane with the center of the axis 
of the opening 16 i5 the defecting-plate and 
the axis of the bore A’ of the barrel. This 90 
alinement of the Dpenings 17 40d L6 with the 
bore of tae barrel is in order that the bullet 
discharged from the barrel may pass through 
the said openings 16 and 17 and out through 
the chamber 16* withont interfering im the ys 
slightest degrea with oy of the mechanism 
designed to confine the E 

The inner face or wal! of the chamber 16* 
is inolined, and a flange 13 is formed open 
this wall arogad the inlet-opening 17. The 100 
flange Lb is adapted aa a nent for a valve 19, 
which valvo clones the inlet 17 of the cham. 
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H diseh: of ths | rantor portion of the deposit will be found 
La ab ery ene rinse maior bear | Oper the valve ia nearly a direct line with . 
Leave the mer fee of the lower portion | the axis of the hore of the gon. 7? 
ho del eling-plate 15, assuming #4 pisi- Having thas describ our invention, we 
He a et with the line of the inner fare | clain an new and desireto socnen by Letters 
5 of ibe cap B, a8 shown in positive lines in | Patent— _ vaihachinne ete 
of Pa The ning 16 in the defeetings > 1. A cooing arranged for altae et : 
et made in tt lower eis, and in order | barrel of aauu, and haviug an ont el oes rey 
Bee the dixcharge of the ballet shall not te | bullet, a ineli ne baile a iis pact 
i I 2 opening 20 is made | easing and » valve norm 
Cy eT : d when the | position and operated hy the gases to cluse 
Helioecieng opiate ieee hie deflecting | th let for the bniiet after snid bullet bas 
ve 1% has bearitiz against the deflecting- | the ourlet for the u coull ‘ 
rite 15 the openiine in the valve and he | escape from the casiag, substantially as de- Bo 
opening in the edge of the deflecting-plate | scribed, 2 se 3 
15 pacinter. farming an openiugoft sofitcient isa Ae 2 sani ene lied with # pe-rondensiox 
erin i q i T aml arr ri 
to permit the wiinterrupted passage of the i ener ora garter ses ae tas : 
Lav arm 21 is secured to the front feee of | an othe for a mullet. the said ar ohio 5 
rein of the vaive 11, 3he arma be- | a tabular extension farming part of ss 
#0 i ar rinbt aicies to thy outer Eace of at . conlanelng star ciara gro per: 
the valve ix pivoted in the cap B! wardly bonen barrel 0 J 
Au ees that dcamined Thrangh the expt wre foe rear ai yaar alien ad - 
H 4 . . + a ; 
and throuzh the said avin, at shown in Figs, | aion, a valve oparat : an fe weene 
: the onthe bor Lhe Lalies after said be a 
Band 3. The valve 19 ix held in its open por | plea reece 
ta i Fret < with the de- | escaped aud a support aya 3 
” eerie? elie toad oF rt > vabe mally resis, the said suppert bein 
ing oly ny oF aw ing 23, ; valve nor Is 
tly utara Gs the bottom ates wall of | located hatween the end of Se gue barrel “ 
the chamber 15%, the spring baving Bexring | the outlet for the bullet, substantially au de- 95 
i wrsurfacr’of the atin Bl, aa: scribed. 
jo cea Inorter that the suring 23° 3. A casing ae eee tee sve hawont ke the 
may be repatrerd or rephived when necessary, barrel of a gun, 8 chamber at th farward end 
anopenioe is inade in the front of the cap; of said casing and Here oi le pes ae 
below the chamber 16*, and this opeuing is } ner or rear wath pnade Hebesteate coon 
normally closed hy 4 block 24. | yun, o plate in a : ee ee ae eat 
Tu the operation od the attaghment when ay end of said chainher al an ataatie schett 
> Bo is fieed the ballet is discharged ws usunl, ; barrel aud a piveted Seed ae ne 
apd ia passing aut from the burrel dees got on the yaid plate, tbe pins pecte recs 
toveh or interfere with thy «echanisi of the constracted t permite ¢ peek paired 
altachwent, a+ has beretefure been stated. | jet, the said valve being ie padi chou dan 
40 The expandin -gases strike the deflactsng- | opening ie the roar end of ate Lert 
Plate 15 unl the vale 15 at the same iustynt. : mediately alter he seta vs 0 ae ty wa a 
The deflbeting-plate being rigid and inclined | ing carried a eek ea etek. ace 
toward the valve turns the few nf gax down ; tion oF he sneee pal ln ai eh 
ward in direction of the valve, and the valve © 4. A device adapte ea eercat tie at 
45 being free po wove gutward ix Larown against | the exptasion of a charge a 2 Be can ead 
its samt 18, ag shown in dotted lives in Fig. 2, | cap= af amoke from the muzzle fs nywaid 
and is beld there until the inside pressare of ; device consisting uf a cones arn hia 
the gas in the ex punsion-chamber and barrel : tachment ta the soulsalp of ia pony CeO 
of the gan becomes equal ta the ontside pres- | being provided with lowrn ra tonae ae 
50 sure of the almospherie air plus the tewsion | wardly extending sleneching B pepronindey 
of the spring 23, whereupon the valve agaio ; opening ia line wit! Aca bet ccamuge ens 
The ¢ on ioe zn abit ie te rae hae SNe beseeccl atralie deflectiag-plate, 120 
i ‘ inte the air as ; fora : e iE 
we aired me wie lee tank into the: and # valve normally resting sa ic epee 
$5 expansion-chamnber, which the gas itself had ; ond on said dotlectiny-plate, an Ladaot te 
The action is very quink, the vari- be woved tu close said Perr ag Pecdm 
ous Bleps described following exch other in | accuwulgtion of pases within q = 
Practically a momeut of time. as described. Biasiisa Rn tha Basel OP 
Theexpansion-chamber, which ineludes the 3. The combination, ‘ ae tea 
i % f the Kun, acts | fun, A causing attached to the muzzle of 
89 enbie contents of the bore of the RUD, 3 ol anebred 467th 
substantially as a cundoaser, aud at the time | barrel, and fap temas teeccy iieikg nro: 
retardant ogame male ge tidod with au inclined deflecting-piate Uxy- 130 
ine aftor Bring u ballot ee sponse ia cham. in “a0 opening thereiu in live with the axis 
ble after Gring a boliet the expansion cham- ; ing thereiu.to Hag ein ihe axis 
ber will be found practically Aled: tetas pet aed beget) cih an apeniae 
ke; but the de; it upon the lands } reting - plate, be 
Ppa eat more than ‘ooual, as the | also'in line with the axis of the bore of the 
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APPENDIX E 


SILENCER TECHNIQUES & REPRESENTATIVE PATENTS 


The followin 


& tilencer Photographs and Patents are presented as 
reflecting the vari 


ous silencing techniques and concepts, 


The photographs {pgs 159 
experimeniai silencers show so. 
such as flexible baffles, 
steel baffles, Also sho 


through 163) of sectioned WW OU German 
me outstanding silencing techniques, 
vortex-inducing channels and rearward slanted 
wn are quick attaching silencer clamps, 


U.S. Patent No. 658,934, issued 2 October 1 
Washington and Alfred Willis Capy, 
Firearms," 


900 to Reade Macon 
"Attachment for Barrels of 


3 
fb 
5 
4 


Austrian Patent No, 5478 


» issued 1 June 1901 to Josef Hutfless, 
for Silencing a Fir 


"Device 
earm," (Translation) 


U.S. Patent No, 958,935 


» issued 24 May 1910 to Hiram Percy Maxim, 
"Silent Firearm," 


German RiCly GLveavece (ee atte 


Agnes 


U.S. Patent No. 1,000, 702 


» issued 15 August 191] to EF 
"Device for the Suppr 


ugene Thurler, 
ession of the Report of Fire 


arms,' 


German Patent No, 629,404, issued 13 March 1933 to Hans FE; 


2 
if 
issfeldt, ay 
"Silencers for Hand Weapons, "' (Translation) z zi _ 
H a 
U.S, PatentNo, 2,448, 382, issued 31 August 1948 to Warren P. Mason, oa 
"Silencer," 


uae? 


U.S, Patent No, 3,138,991, issued 30 June 1964 to Richard L, Malter, 
"Firearm Muzzle Attachment and Projectile with Expansible, De- 
tachable Husk," 


Jorman AIH YtLas 84 


seen 


159 
158 
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A44668 


German Rifle Silencers {sect} onalised), 


prey av 


APERDEEN PROVING GROUND 


Sl January 1647 
PAE ISC-731, 


(Stlenser round also shown ) 


a44667 
Jerman Rifle Silencers 


ABERDEEN PROVING GROUND 21 January 1947 
(sectionalizod), FMWMIGC-751. 


A44669 


ABERDEEN PROVING GROUND 
German Rifle Silencers ( 


21 January 1947 
sectionalized), FPMVISC-731, 


(Stlencer round also shown ) 


3 May 1347 
ABERDEEN PROVING GROUND 12 Ma 
A474$19 

Rifle Stlencer, German. FMISC 731. 
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gun, and a valve having bearing normally 
Against the deflecting-plate, the said valve 
being forced to a seat at the inlet of the anid 
chamber, by the action of the gas accomu- 
Jated in the barrel and back of the said valve 
sad defecting-plate, after a bullet has been 
disebarged, as deecribed. 

6. The combination with the barre! of a 
uD, of a casing attached tothe intizzle of seid 


darrel, a cap secured in the forward end of 


the casing and provided with an inelined de- 
flecting- plate having ap opening therein in 
jine with the axis of the barrel, a chamber 
forward of the deflocting-plate and provided 
with an inlec-opening also in line with the 
bore of the gun-barrel and formed with a 
valve-aeat and a Spriug-presaed valve nor- 
mally resting againat the deflecting-plate and 
adapted to be forced against said valve-seal, 
stlbstaotially as deweribed. . 

7. The combination with the barrel of a 
Eun, and A casing atrached tu the muzzle of 
thé barrel and baving a tobular extension AL 
the rear lower portion provided with a remoy- 
able closure at its rear end, of a cap remov- 
ably seenred in the forward end of the casing, 
the inner face of paid cap being inclined from 
the upper edge -dowowardly and forwardly 
sad the anid iuner face being open from a 
point nt or near its bottom to a point near the 
top, an inclined deflecting. plate at the upper 
portion of the inclined inaer face of the cap, 
the waid plate having an opening in its lower 
pdge in longitedinal atinement with the axis 
of the bore of the barrel, a chamber formed 
at the forward upper end of said eap and for- 
Ward of the plate, the said chamber being pro- 
vided with au inlet in its inner wall in line 
with the opening in the plate and the bora of 
the barrel, the inner wall of said chamber he- 
ing inclined and baving a flange formed there- 
on around the inlet-opening and constituting 
avalve-seat, anda pivoted 4nd spring: pressed 
valve pénnally resting at iis upper end 
againat the lower portion of the doflecting- 
plate and having an Opening atits apper edge 
forming with the opening in the towar 
of the deflecting: plate, a passage for the bii- 
let, the said valve being forced to its seat at 
The ialet-opaniay of said chamber by the ae- 
livn of the gases after » bullet has been dia- 
charged, the front af suid cap below the chum- 
ber having au opening provided with. a re- 
movable cloaure, for the purpose aat forth, 


8. A casing arranged for attachment to the 
barrel of a gun and provided with a gas-con- 
densing chamder, and cap removably 5e- 
cured in the forward end of said easing and 
provided with » chamber having an opening 
in line with the axis of the bore of the goo 
and forming « passage for a builet, « valve 
pivoted ia said cay and operated by the gases 
to close the outlet for the bullet immediately 
after the excape of the bullet, the said cap 
being provided with an opening in its froat 
4Jelow the said chamber, and a closure for said 
opening, substantially ss described. 

9 A device adapted to control the noise of 
the explosion of a charge and prevent the ve- 
caps of smoke from the muzzle of a gun, the 
said device comprising 4 casing arranged for 
attachment tothe muzzleof «gun the easing 
being provided with a passage-way for a bol- 
lut, a vatve for closing sxid passage-way, a 
spring for normally holding said valve open, 
and & deflecting-plate for torning the how of 
Sas loward the vaive, the valve being carried 
to closing position by the vases, 

1). A casing for attachnent to the muzzle 
ofA yuna cap removably secured in the for- 
ward ond of maid casing and having @ valve- 
seat with an opening for the passage of the 
builet and a valve carried by said removable 
tapand free ty swing, the said valve being 
normally beld in an open position, and adapt- 
ed to be moved by the setion of the gases to 
a closed position, substantially ag described. 

11. A casing arrange foratiachment to the 
muzzla of BED, A removable cap fitted in the 
forward end of the casing and baving a valve- 
seat with ab opening for the of tbe 
bullet, the axis af said openiag ecinciding 
with the axis of the bore of the gen, 4 valve 
carried by said cap and free to swing to close 
said opening, a spring for normally holding 
said valve in the open position, and # deflect. 
ing-piate emrried by the cap and arranged to 
deflect the gases toward the valve, the said 
valve being clused by the action of the Znges, 
whereby the said casing receives and confines 
for « time the pases Tesuiling from fring the 
gun. 


READE MACON WASHINGTON. 
ALBRED WILLIS CAPT. 


Witnesses: 
O. A. Hizprren, 
H.W. Reccr. 
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Correctluns In Letters Patent No. 658,934. 


It is hereby certified that in Letters Patent No. 658,934, granted October 2, 1000: 
upon the application of Reade Manon Washington and Alfred Willis Capy, of Dallas, 
Texas, for an itaprovement in “ Attachments for Barrela of Firearms,” error appear 
requiring corrgttion, ae follows : In the great and in the printed head of the specifica- 
tion, it ia stated that they have assigned one-fourth of their right to said Washington, 
whereas it should have been stated that said Capy assigned one-fourth of the entire right to 
tcid Waskmgion; and that the said Letters Patent should be read with these corrections 
Trereli that tne same ay conform to fhe record of the case in the Patent Difice. 

Bigned, conntersigned, and sealed this 16th day of October, A. D., 1900. 


[ora] F, L. CAMPBELL, 
Avistant Secretary of the Iuterier. 
Countersigned : 
C. A. Dre, 
Commissioner of Patents. 
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Oesterreichische 


PATENTSCHRIFT NE 5478. 
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Translation: Patent No, 5478, "Device for Silencing a Firearm" 


Issued to Josef Hutfless, 1 June 1901, in Vienna 


The proposed innovation has to do with reduction of noise due to 
the sudden discharge of Propellent gases after firing a weapon. It ig 


Propellent gases will be released after passing through two or more 
regulating tubes running parallel to the barrel, In this way, the 
Pressure will be reduced and the Bas exit will cause only an insig- 
nificant noise. 


The invention, for application to sporting guns, is show in 
Fig. 1 through 4, the sketches showing the longitudinal side view and 
front views of the barrel cross section, A-B, of Figure 1, 


As is evident, the muzzle of the barrel forms into a funnel, At 
the bottom of the barrel, a, are arranged two parallel thin walled 
cubes, b and c, which are connected together at their ends, 


Tube b is connected to the muzzle end of the funnel shaped barrel, 
8, while the same end of the other tube, c, is equipped with a row of 
holes, d, 


This weapon requires the use of special projectiles which are 
wade up of two loosely connected Parts, mend n. The charge is di- 
rectly behind part m, which is of the same caliber as the straight tube, 
while the front part of the projectile, n, matches the narrow part of 
the tube and is connected to the heavier Projectile, part m, by a fixed 
pin, 


The operation of the device ig as follows, Upon firing the weapon, 
the developing propellent gases in the tube push both projectile parts 


m, will be forced in the narrow barrel (position m') and thereby held 
back, The front Projectile, n, in consequence of its acquired velocity, 
will free itself from the back projectile, m, passing and exiting 
through the remaining portion of the barrel (position n'). 


The propellent gases do not pass into the atmosphere through the 
muzzle of the barrel but, because of the obstruction, they enter tube 
c through the opening g. From here they pasa into tube b and leave the 
latter, with essentially reduced Pressure, through the arranged holes, 
d, in the front end of tube b, whereby only a hissing noise is produced. 


As the result of this operation, a loud noise will be avoided and 
the propellent gases will leave the tube producing a damped, unnoticed 
noise, The remaining projectile part, m, in the tube can be removed 
through the insertion of a charging rod, 
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Patent Claim 


by firing a weapon, 
for silencing the noise produced ‘ 

i figaas canes. The barrel near the muzzle is to be rae 
eet al to this are to be conmected one or more interconnecte 
cabes Eom which the gases discharge through many small openings. 

14 


2, Two-part projectile, which is described above. The Lied 

charge is to be behind the rear part, which is of the eae ieee 
the straight barrel, and the front part, which is to be sa - 

Soaeatied to the first part, will have the seme caliber as marr 


portion of the barrei. 
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UNITED STATES PATENT OFFICE. 
HIRAM PERCY MAXIM, OF HARTFORD, CONNECTICUT, ASSIGNOR TO MAXIM sILewr 
2 WOREABMS COMPANY, OF NEW YORK, WM. ¥., A CORPORATION OF NEW JERSEY, 


958,935. 


Specification of Letters Pateat, 


Patented May 24, 1910. 


AppHoation fied November 20. 1006. Serial No. 485,051. 


To afl whom it may concern: 
Be it known that 1, Hmam Percy Maxim, 
a citizen of the United States, residing in 
the city of Hartford, in the State of Con- 
§ necticut, hava invented certain new and use- 


| 


isphragms shall be secured without requir- 
ing great labor in the assembling of the dia- 55 
phragins aad casing. 

The invention will be more fully ex- 
plained hereinafter with reference to the ac- 


fol Improvements in Silent Firearms, of | companying drawing in which it ia illus 
which following is a specification, refer- | ivnted and in which— 60 


ance being hud to the accompanying draw- 


ing, forming a part hereof. 
rt) “i the inlined use of silencers for fire- 


arms in which the energy of the powder 


| 
| 


Figure 1! ia a view in side elevation of an 
ordinary sporting rifle equipped with 2 
lencer which embodies the invention. Fig, 
2 is a detail view in section and on a larger 


is dissipated in rotary or whirling | scale of the silencer shown in Fig. 1, a por- 65 


movement of ie gases before they pass inte 


the atmosphere, anc in which a series of par- 
1 titions, diaphragms or sprenders are sup- 
ported by a shell or casing at the muzzle of 


the firearm, the rotary or whirling move-! > 


ment of the gases taking pluce in the cham- 
bers formed thereby, the partitions, dia 
20 phragms or spreariers nearest the true muz- 
Ne of the barrel of the firearm are exposed 
to the highest gas pressure, while those more 
remote from the muzzle are exposed to much 
Jess gas pressure. Lightness in the silen 
36 can be secured by making ihe partitions, di 
phragins or spreadess in the zone of high 
gas pressure of sufficient strength to with 
Sand such pressure nad by making the par. 
_ titions, diaphragms or spreaders more remote 
90 from the muzzle of thinner and even of 
lighter material. [f is fond, however, that 
it is necessary to provide an abutment for 
the heavier snc stronger diaphragms aear 
the muzzle to support them against the im- 
35 pact of the gases und t» relieve from great 


tion of the barrel being also represented. 
ig. 3 is a face view of one of the dia- 
phragrns, showing the recesses in the cir- 
rurnterenre thereof. Fig. ¢ ts a transverse 
tion of the supporting shell or casing, 70 


- showing the longitudinal key. 


Iu the embodiment of the invention shown 
in the drawing there is secured to the ex- 
tremity of the barrel a of the gun, in any 
suitable manner, as by screw threads, a cas 75 
ing d. which is p: erably substantialby cir- 
ular in cross section and of greater or less 
fength as may be required and forms a su 
port and inclosure for the series of single 
sliencing devices vr partitions or diaphragms 60 
rc spreaders e by which the gases, which es- 
ape at the mozzle of the barvel 2, are com- 
pelled to avqnire, within successive cells or 
chambers formed by ihe diaphragms e, a ro- 


‘tary or whirling movement. PS 


Pressure the successive lighter diaphragms, ; 


which are liable to be crashed eventually if 
the resistance is through them. 


One object of the present invention, there. 


traction of 
wi] be ea- 


bad is to provide such a 
of this character w 


Pable of withstanding the impact of the 
Bases while at the sane timie the minimam , 
of weight in the silencers is secured. Fur- : 
6 ore, in silencers of this character which - 
rp eccentric with reapect io the xis of the! 
gun it iz neressary to assure accurate : 
alinement of the epenings through the suc-° 


<ssive diaphragms for the passage of the 
40 projectile. #° 

. It is, therefore, a further object of this 

invention to provide a construction by which 


Such alinement, of the openings through the ; 


In the embodiment of the invention shown 
each singte silencing device e is generally 
ircular or annular with reference to the 
axis of the sheil or casing a, and is spiral or 
couchoidai in cress section, an opening e’ 00 
being formed for the passage of the pro- 
jectile. In the construction shown, such 
opening is eccentric with respect to the axis 
of the sheil or casing. As is now well uo- 
derstood, the powder gases are directed by 95 
ihe frusto-conical portion of each dia- 
phragm or spreader, or single silencing de- 
vice, into the anuoular chamber f by 
the diaphragm and acquire therein a rapid 
retary motion in which their energy is dissi- 100 
pated. The diapl or spreaders, as <7, 
nearest the muzzle of the gun are naturally 
snbjected to the highest pressure of the 
gascs, while thoae more remote from the 
muzzls are subjected to a considerably lower 105 
pressure. Those more remote from the 
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muzzle of the may, there! be less | proper relative ition with the i 
capable of resi Oe t preeuccae those | 2 iS eonatatg alinement with the of 


nearer the muzzle and may be made of much 
lighter sheet steel than near the 
muzzle, or may even be made of aluminum 
while the muzzle are made of 
should the diap! or | phragnie or spreeders 
ty | or casing remote from the muzzle and form- 
those mere remote from the muzzle, | ing a succession of chainbers, each of the 
trans. | diaphragms or spreaders having an opeaing 
they would | for the assuge of the projectile, and a rela 
To obviate if or i or 
the shell or | 

of the din- ! 


as my invention : 
1A silencing wevice for firearms, vom- 
prising a shell or ing, a series of diu- 


sheil or casin, 
i pressure of 
wphragm or spreader, where- 
hragms or spreaders 
of the firearm are 
of the heavier dia- 


readers ¢ have been Placed ‘therein, is! 

nee miner circumferential : 

or shoul, ”, as by spianit » and against 
such abutment the eavier dy 

readers ¢° rest. If will be : 

wt the number of heavier or stronger dia- | 

phragms or spreaders i 


= 
ia 
5 

er 
a 

5 


projectile and 
formiag an annular cell substantially con- 
in cross section, and a heavier dia- 
phragm or spreader disposed in the shell or 
casing adjacent to the muzzle of the frearm 
and also having an oj ing for the passage 
of the projectile and also forming an an- 
nular cei] substantially conchoidal in cross 
section, the Supporting shell or ceasing hav- 
ing an abutment to receive the pressure of 
such heavier diaphragm or spreader, where- 
i 


as showa in re 
her 


dia- f 
required. of! 
liaphragms | 
or spreaders employed will also depend upoa 
to whieh the si- 
affect to be pro- ; 
e constriction shown in Fig. 2 
Space is provided within the shell or cus 


for more than one heavy or strong din- [| by the Hghter aphragins ot spreaders re- 
phragm or spreader and a Spacing sleeve d* | mote from the muzzle ef the firearm are re- 
18 introduced to hold the single japhragm ! lieved of the Pressure of the heavier diz- 


or spreader in place. | phragm or spreader. 


3. A silencing device for firearms, ‘com- 


| 
i 
3 
§ 
BA 
FI 
i 
‘ 


each of the diaphragms or 
spreaders forming an annular celi substan- 
| Laliy conchoidal in eruss section and having 
: aU opeuing for the passage of the projectile, 
; and a heavier or Stronger diap! 
3 : Sprender i 

with the bore of the gun Lar. | jacent to the muzzle of the firearm and also 
ms forming an annular cell substantially con- 
diaphragms or Spreaders | choidal in cross section and having an open- 
th a key- | ing for the ssage of the projectile, the sup- 
| Botting shell ing baving an interior 
circum ferential) ridge forming an abutment 

i of anch 


| heavier dia- 

conveniently formed by rolling or pressing | phragm or spreader. whereb: the lighter dia- 
a suitably shaped tool into the outer wall of : phrags on Spreaders Teniots = the 
| mnzzle of the firearm are relieved of the 

° 
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& 
= 
8 
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a 
gE 
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phragms or spreaders cannot be introduced 


c : pressure 
or casing except in their 


the heavier diaphragm or 
! spreader. 
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i i i fire: 
4. A silencing device for 

ist rting shell or ' 
ries of diaphrssiae er spreaders disposed 

i the shell or casing and forming a succes- 
si of chambers, each of the diaphragms 
pane readers having an opening ereentricatly 
Shon d for the passage of the projectile, 
the shell or casiog having an interior ridge 
key and each of the diaphragms or 

10 spreaders having a key-way to cofiperate - 

with. 

5A silencing bevel ne fire: 
ising @ Supporting shell or d 
Peres al ditahrugins or epresi res ad | 
Ws in the supporting shell or easing avd form- ; 


rns. com i 


BB 


and havin, ical. 
posed for the passage of the projectil 
shell or casing having an interior 


ATMS - liga succession of chambers, each of the dia- 
sate Mandtin ' phragma or Spreaders forming an annolar 
: cell substantial 


iy conchoidal in cross a 
1 opening eecentrically dis- 

Himeage ct Te, the a9 

ridge or 


rey h of the diaphragms or spreadera 
Aoips ae to cobperate therewith. 


This specification si 
this 27th day of Nove 


and witnessed 
rc, A. D., 1908. 


HIRAM PERCY MAXTM. 


Signed in the presence of-— 


wi 


Jcarpotwz H. Maxim, 
Lena E. Bzrsoyrrcnr. 
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UNITED STATES PATENT OFFICE. 


EUGENE THURLER, OF FRIBOURG, 


DEVICE FOR THE SUPPRESSION OF THE REPORT OF FIREARWE 


1,000,702, 


‘Specification of Letters Pateut. 


Patented Aug. 15, 1911. 


Application Sled November 2, 1910. Serial No. 500,367. 


Jo all whom it may concern: 

Be it known that I, Euctne Tuunces, a 
citizen of the Swiss Confederation, residing 
at Fribourg, of the Swiss Confederation, 

5 have invented certain new and useful Lm- 

ements in Devices for the Suppression 

of the Report of Firearms, of which the fol- 
lowing is a specification. 

This invention relates to devices for fss- 

4o-ening the report of firearms. According 
to this invention the energy with which tie 
gases of combustion travel is destroyed by 

iding said gases through a certain num- 
fer of chainbers which are arranged at a 

Weertuin distance apart the one before the 
other and which have passages for the pro- 
jectile. Tie gases are thus deviated from 
the trajoctory and made to expand gener- 
ally in said chambers. 

20 «The devices according to this invention 
differ from the devices of known types und 
serving for the same purpose by the ar- 
rangement that the said expansion chambers 
have the shape of conical sleeves which are 

25 mounted in a casing the rear end of which 
is perforated or formed of wire gauze for 
§ of its length. The inner casing is fur- 
ther inclosed in one or more mantles which 
are alternately perfarated at the front or 

30 at the rear end. The gases which are com- 
pressed at a very high degree of pressure 
when they are being generated are thos 
quickty deviated from the trajectory of the 
Projectile. The gases escuping through Lhe 

bei perforations of the cusings, getting hot of 
the conical sleeves is prevented. 

In the uccompanying drawing, a plan of 
execution of the object of the present inven- 
tion is shown as applied to a rifle-barrel. 

Figure 1 represents a horizontal tongi- 
tudinu] section of the apparatus. Fig. 2 

WSs cross section along the line IT -IT 
(see Fig. 1). Figs. 3 and 4 have reference 
to the details of the device shown in Figs. 

461 and 2. Figs, 5 to 7 show the details of 
three modifications. 

The device represenied in Figs. 1 to 4 has 
® sleeve @ the internal diameter of which ts 
equal to the outer diummeter of the barrel 3. 

An angater slot a” (Fig. 3} at the free end 
of the sleeve a serves to fix the device to the 

arrel 5, said slot being pushed over the 
Sighk ¢. The interior of the apparatus is 


ss Provided with a series of tubular sleeves d 


¢ is doublewalled and it is made for two- 
thirds of its height of fine net-work, the re- 
maining third being of sheet metal. The 
sleeves d ure comically enlarged toward the 
front end. The narrow rear ends are all 6 
turned toward the barrel 6 and constitute 
together « canal for the projectile 7 The 
sleeves of have at the front end Four slots 
theough which are passed four rods f fixed 
on the inside of the tube ¢ and serving lo 85 
maintain the sleeves @ at a given distance 
from each other so that each two succeed- 
ing sleeves form a curved passage for the 
compressed gas. The tube ¢ is surrounded 
by a second tube g of a greater diameter 70 
than ¢, the position of which is eccentric 
with regurct to the common axis of the tubu- 
lar sleeves d. ‘This tube g is perforated at 
the first part g’ for one-third of its length. 
A thicd Lrbe A perforated at its rear part 36 
for one-third of its length surrounds the 
tube g. The space between g and & is filled 
with shavings of metal, such as aluminium, 
The position of the tube & is also eccentric 


-with regard to the axis of the sleeves d so BO 


that the sight ¢ projects over the device for 
a few millimeters. 

Tie direction followed by the compressed 
gas is shown by the arrows. The projectile 
P, on leaving the barrel 4, enters into the 66 
chaunel formed by the narrow extremities 
of the sleeves d closing this channel to the 
compressed gas which rushes consequently 
through the annular openings of the tube ¢ 
into the space between the tubes ¢ and g 1 
where it partially expands. From there 
the gas escapes tl the narrow open- 
ings of the first or forward third of the 
tube g into the space between g and A 
where the gas is prevented from expanding 95 
instantly owing to the filling of metal shav- 
ings, the escape of gas through the open- 
ings in the dube & taking place without any 
report. The solid wall of the forward part 
of the tube ¢ prevents the gus from enter- 100 
ing the sleeves @ thus escaping by the cen- 
tral channel before the shot. The more 
elongated the form of the sleeves the less 
the gas will endeavor to penetrate into the 
passage for the projectile. 196 

observed that the tube ¢ cloes mnt 

touch the wall of the tube g ab its up 
part; there is stili a space of a few milli- 
ineters between ¢ and ‘ich ia 


¥. necessary 
oo-asinlly in the tube ¢ This tubs for the free passage of the gas around ths 118 


iv? 


et 


RB 


tube ¢. If this tube were to tuuch the tube ! 
g the resalt would be a pressure cn ihe pre- ; 
}eetile causing the sume to deviate. 

Experiments have shown that the recoil 
of a gun fitted with the above describeul de- { 
vire is only very slightly diminished, the ! 
automatic reloading by recoil could there- 
fore be accomplished. 

Fig. 5 shows a maditied construction ac- 
cording to which the tubular sleeves are 
differently shuped than in the first instance. 
According to Fig. 6 the tube 3 on this de- 
vice has Bs suppressed. The entire space 
between the tubes e’ and A" is filled with 
metal shavings, A net-wurk AF has been 
applied lo the inside of the perforated por- 
ion of the tube 4’. Fig. 7 shows slots A* 
provided in the tube 4’ for the escape of 
the gus. 

Tclaim: 

An improved device for lessening the re- 
port of firearms in which the compressed 
Gases are deviated from the trajectory of 


1,000,702 


the projectile by means of consecutive <te- 
tucuts which form a channel for the passapr: 
of the projectile, comprising ia combination 
a certain number of elements consisting of 
conical sleeves, a tube inclosing snid ele- 
nents and perforated for two thirds of its 
iength from the front end to the rear, an 
eccentric casing surrounding said tube and 
composed of two tubes of which the inner 
one ts perforated at dhe front part about one 
third of its length, the outer tabe being per- 
fiwated at the rear part for about one third 
of its longlit and a fling of metai shavings 
in the space between said tubes substantially 
as described and shown and for the purpose 
Set. forth. 

In witness whereof I have hereunto set 40 
my hand in the presence of two witnesses. 


EUGENE THURLER. 


39 


35 


‘Witnesses : 


Atvert vx Cassazane, 
IL. C. Coxe. 
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Translation: Patent No. 629404, "Silencers for Hand Weapons" 
Issued to Hans Eissfeldt, 13 March 1933, in Germany, 


Silencers for hand weaponsare already known, Generally, they 
consist of an elongated hollow cylinder with baffles, which either 

ition the chember or close it off from the atmosphere by use of 
elastic washers. Either way, good resulta are not obtained because 
the noise, even though somewhat attenuated, always remains. 


In relation to such silencers, the following improvement and dis- 
covery is contained herein, The inner chambers will be completely 
filled with a porous material, such as viscous sponge, rubber sponge, 
or a similar material. This material offers no resistance to the 
passing projectile and closes immediately behind it. The gas follow 
ing the projectile will be forced into the many small cavities, where 
it wlll be delayed prior te arrival at the closing washer until such 
time as the projectile will have passed through and the washer will 
have closed, In this wanner, a substantial attenuation of the noise 
will be obteined. 


The objective of this discovery is illustrated in the following 
sketch. 


Fig. 1 shows a longitudinal view of the silencer in which the 
walls, d, separate the hollow cylinder into separate chambers, The 
chamber, b, is filled with porous material, followed by packing washers, 
ce, and the elastic closing washer, a. 


Fig. 2 shows the view of the muzzle of the silencer with the 
notched closing washer, 


Fig. 3 shows a view of the silencer end attachable to the barrel 
o£ the weapon. 


Patent Claim 


SLiencer for a hand weapon ts described es follows, The closing 
packing washers in front of the hollow cylinder are to be made of a 
Material which is capable of closing the hole produced by the passage 
bf the projectile, Ome of the divided chambers of the hollow cylinder 
is te be completely filled with rubber sponge, viscous sponge, or other 
similar porous material, 
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Fig. 3 


Ansicht von B 


Flexible Baffles and Sponge Rubber at the Silencer Exit 
German Patent No, 629404 
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PATENT OFFICE 


2,448,382 
SILENCER 


‘Warren P. Mason, West Orange, N. J.. assignor 
to Bell Telephone Leboratcries, Incorporated, 
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New Fork, N. 


ot New York 


Application October 26, 1944, Serial No, 560,455 
2 Claims. (Cl 63—14) 


1 

‘This invention relates to firearms and more 
particularly to a sllencer for reducing the muzzie 
blast. 

‘The principal obiect of the Invention is to 
reduce the noise associated with the muzzle blast * 
efa firearm. Other obfects are to reduce the 
weight. size and cost of a silencer and improve 
the stabllity of performance 

Important factors In sleneing the muzzle blast 
of a firearm are the rapld cooling of the power 11 
gases and the reduction of pressure before they 
emerge. An effective siiencer utilizing these 
principles comprises a chamber contalning heat 
absorbing material through which the botlet 
passes. The effectiveness of such a device de- 15 
pends, among uther things, upon Its cross-sec- 
tional ares. Applicant Bas discovered, however, 
that the importance of having a Large cress- 
sectionai aren diminishes considerably Laward the 
front end of the sitencer. bs) 

In accordance with the invention, therefore. 
the chamber has at its front end a section of 
reduced cress-sectional area. Welght, size and 
post are reduced without seriously affecting the 
efficiency of noise reduction. The silencer may 25 
be bulit as an attachment or, preferably, the rear 
portton of the chamber may de built around the 
barrel of the firearm. with commun'cating hotes 
through the barrel, The heat absorbing material 
May be metal screen, which may take the fort 
of apertured discs, stacked one upon another and 
preferably held in compression. Piattng the 
screen with some meta] such as tin before punch- 
ing the discs will increase the stability of per- 
formance. no 

The nature of the Invention will be more fully 
understood from the following detailed descrip- 
Won and -by reference to the accompanying 
drawings, in which like reference characters refer 
to simitar or corresponding parts and In which: ao 

Fig. 1 |s a side vizw, partly in section, of & 
SHencer in accordance with the invention at- 
tached to a firearm: 

Figs. 2 and 3 are cross-sectlonai views, to larger 
Seale, of the sitencer of Fig. 1 taken along the 45 
ines 2—2 and 34, respectively; 

Pig. ¢ is a side view, partly in sectlon, of a 
‘Modified form of the silencer of Fig. 1 in which 
the rear portion of the chamber ts built around 
the barrel; and 5D 

Pig. 5 is a cross-sectional view, to Jarger scale. 
of the allencer of Fig. 4 taken alung the Ilne 5-5. 

Mig. { shows one form of the siiencer 10 at- 
tached to the end of the barrel 1) of @ firearm 
12. The silencer (0 comprises a cylindrical 66 


2 

chamber having a Tear section 13 and a front 
secthon 21, Soth contain’ng heal adsorbing ma- 
terial, throug which the bullet passes with min- 
imum clearance. The side walls of the rear 
section 13 are formed by the metat Lube 14 which 
's securely fastened at the rear ta the apertured 
end piece $6 and at the front end is internally 
threaded to receive the apertured connector IT. 
‘The heat absord:ng material in the section #3 Js 
in the form of & number of annular di-cs 18 of 
metal screen stacked on° upon another and held 
in compression by the cannictor (7. The end 
piece 16 includes as an integral part thereof an 
intrrnally threaded collar 14 which screws onto 
the rhreaded muzztc of the barrel |} to hold the 
silencer I securely in position. 

‘Phe front section 21 comprises w metal tube 22 
securely attached at Its tear to ine connector HH. 
threaded at fts front end to receive the annular 
end plece 23, and filird with annular discs 24 of 
metal screen. A forward sight 26 is provided 
at the front end of the silencer (0. In order to 
save drawing space parts of the sections 13 and 
2a have been removed. Figs. 2 and 3 are cross- 
sectional views. 

The effectiveness of the silencer 1@ depends 
npon Its length and cross-sectlonal area. How- 
ever, applicant has found that the cross-seclonal 
aren may be reduced at the front end of the 
silencer without a proportional reduction in Its 
abtlity to silence the muzzle blast. This ls due 
to the fact that the powder gases have already 
been considerably lowered In temperature and 
pressure before they reach the frumt portion of 
the silencer and so It takes a smaller cross- 
sectional arca to cool them ao riven additional 
amount. Therefore, in accordance with the in- 
vention. the front section 21 has a smatiler cross- 
sectional area than the section 13. Furthermore, 
the original effickency may be reslored by a com- 
parativety slight addition to the length of the 
silencer 10. There results, however, a consider~ 
able reduction in weleht and volume. This re- 
duces the cost of the silencer and, more import- 
anthy. improves the balance of tie frearm. 

Pres. ¢ and 5 show a modified form of the 
silencer 1@ in which the rear sectton 27 Is bullt 
around the barrel | of the firearm 12. The side 
waolls of the section 27 are formed by the metal 
tabe 26 which ls closed at the rear by an end 
plece 29 securety Fastened to the barre] #1 and 
at its front end by an apertured and flanged 
metal dire $4, The seetlon 27 is substantially 
Ailed with heat absorbing material im the form 
of Sayers of metal screen 32 wrapped around the 
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been 
to order to save it, Che outer 19 
14, 20 that it may be of targer diameter without Bb 


. threaded 
at ita front end to receive the anqular end piece 99 
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1 A silencer for frearms comprising n chamber Aug. 31, 1948. W. P. MASON 2,448,382 
‘poaibioned within said chamber transversely with SILENCER 
‘being stacked one upon another under compres- Filed Oct. 26, 1944 


FIGG 


2. A silencer in accordance with ¢latm 1 in 
which sald discs are plated with tin, 
‘WARREN P. MASON, 
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3,038,991 
FIREARM MUZZLE ATTACHMENT AND PROJEC- 
TILE WITH EXPANSIBI FE, DETACHABLE [IUSK 
Richard L. Molter, 241 Occan Parkway. New York, \.1. 
Fited Jan, 10, 1962, Ser. No. 165,334 
Claim. (Cl, B9—3 3} 


‘This invention is for a novel combination senerutly 
characterized as a firing picce. as for example. a rifle. 
which is particudurly ad2pted lo the firng of a buck bullet 
and husk shot. 

Avother object of the invention invelves nov: methods 
of projecting such bullets with a view to inctess'nz the 
Fange. accuracy ani recoil reduction of the ficng piece. 

As is well undersinad in the art of fires the inercia 
vf the ballet or projectile at the inement ot fi SEES Lip 
snormoals stresses in the bullet or projectile which cause 
it to try te move off to one side or the other of the aais 
of the bere of the weapon ard to turn su as €0 Cause ib 
to wobble or yaw as if moves down the bore anil issues 
From iL 

Since the conventional bullec is made relatively soft 
aed ductile so that it will property enuape the siding of 
the barrel of the Bring picoe. these enormats stnases abso 
Hse at Io become Ucformed am! imbalanced Upon 
as exit froan tbe bore of ibe firing piece the Is Telaines 
these distortions or wobbling and cocked condi RS, Caus- 
ing a tesultant undesirable ima aeY at rane. 

These various wedesired comliiiens and cllects ave in 
creased the shorter the pearing surface af the projectile 
in relativn to its overall leneth 


Aq important ebject of inventor is ta provide 
either a permanent or temavuble atzuchnie the burrel 
merge of a » for caxsmpie. which peides the Fullet 


back onre the axis of the zille bere atter ils exit therefrom 
and separutran from its busk. 

Additional objects inv 
to reduced length: incres 
creased bulk: reduced bea 
in relation wuts over! Jeagib duc to the 
ination of acceierstion at the muzzle 
salty of atluchmeat duc to displ 
pieves. 

A tunber wbject i te pro: Ve such an aitachment which 
in combination wth a husk Puhet wil greath reduce che 
recoil of Lhe gar: 

Stil another object of the imention js 10 provide such 
an akachment which in co! 
will serve ia protest the 


oF husk ue to ste- 
oF the ba 


ne choad of gases 
bullet proper frour ihe 


al the time of the ecole 
gun and its attuckment 

A further object of thiy invention is to provide such 
an attachment whech permits of the use of hu 
heving a relcsiveh si! 
selation to the. 


of the bullet proper 


8 and pleieet.as 
extrene uicuracy. 

Sull snother ob 
Thiting maxim 

Otaer and more 4d Lote 
be apparent trom the fells 
bodiment of the: 
drawings. 

fo the Jrawines, 

FAGERE 1 Gs a vertaal, central 
Through a perien of 4 husk bull: 


3 of the amention will 
alescripiion of the em- 
ted in the accompanying 


sipss-sectional view 
rtidge posit.oned in 


4 


2 


sheen applied: 
sew ef the muzvke col of the 
Lt enserpe from il; 
ins ive stages 
aration of the bullet 


b Jisas 


PiMGURE a soll Puce alage 
smelt just utter the buller 
ment but with ihe husk 


el invmentacty trapping tbe Bawes 


ates of this invention has its r 
a with the Fi: of tisk bullets. Such 
fin ese faemiin the drowings tached 


tet in FIG. Gabe barrel 18 of a rile, far 

Ie with a suitably rifled bore 12. which 

by the firing chamber 

wonsints of a short cvfindrical sf! metal 

poecured around the trailing edee #: 

ie Proper 2K. this projectile wi 
t y uvailable for this pur 


male i: various Fosms. hut as 
js of colindrical ferme and lonsstu 

vides Trent its 

to S lear from BIG. 8 Crunpeal, 

|. vr otherwise ittached to the prasectite proper 

20 form a tnrtury assembty prior to firing. 

Sear from FIG. 2, the external diameter of the 
cup as properly aliusted to the bore of the rifle to fern 
the usual fit while abe Feajectile proper 2% is af Jeser 
diamucter amd can have chilereni fo tor example a 

, long polnt or 2 short pois, as illustrated The lengih 

> of the cup 2h. ay appear lier. can he considerably 
shorter than would be sequired in the permel case to pre- 


werk Bob, fawine. and the like. ‘The sheft 
Proper Soave Fie. fis of conrse provided with the usual 
explo: . rr . Toi shown, 


Tn the germ the terminal end 14 of the bar- 
Fel LD is shown wf reduced exteraat diumetr and pro- 
videu with external threads by means of which ibe sleeve 
16 of the sui] anc puiding attachment is secured thes vie 

5 By complementary internal threads. Ta turn, the enil of 
" the sieeve 46 is internatly threaded to receive a cove or 
nose picce IB by means of complementary threads, as 
shown. The core 18 is provided with a cylindtical pas 
sage. the axis of which livs on the axis of the bore of 
oy the burrel Has passa: consists of a truncased conical 
section 20 and a concemtric cvlindrical guide bore section 
22. The dismeter of the Blue bore swetion 22 is Jess 
than the dismeter of the Hore pf the harre] anc is pref- 
erably x I in its diameier to the dismetes of the pro 
55 dectile 28 so as Ww provide a liebr Press fit therewith. ‘The 
diameter of the enuance end of ibe conical Portion 20 
is equal to the internal diameter of the sleeve 16, su us 
to form a simple transition Point therewith for a pur- 
Bose to he explained later. The <slindrical Bide Fore sec- 
tion 22 of the nose piece preferably hus a fength abour 
equal to the length of the bearing surface of the bullet 
Proper ZB. 

The steeve 16 is pron 

sages M4 which previ 


Aled with a series of rudiat pas- 
escupe ports fer the explosive 
nay be af sariogs forms such as 
ahs. and the dike, and they may 
NOs palierns ciccumferentiully around 
These poris 24 correspand to the similat 
Bpe of ports now walety sed in varios forms ef enn 

ay Chokes. recall chil Tiurrle brakes aod the lake. 
and, of corr 
adsWstatle 3 


186 


3,138,901 
3 ‘ we 
‘When ‘ing piece in accordance with this invention FIG. 4 illusirates another advantage of utilitarian ene 
t 5 fring erin a cartridge Cone is activated in ture of the subject matter of this inveolion; as is well 
tage rp er generating tremendous gas pressure be- known in this art the explosive gases which surround the 
fend the husk 26 covtaining the projectile 28 The bnsk calling edpe of the Projectile at the anument of issue 
‘i therefore rapidly accelerated duwn the barred 5 from the barrel tend ty engulf and disturb the flight of 
Tein the esual manner and moves ite the casing formed the proje ble and ae Dat erie me berate ads 
the core 18 to a condition illos- flight. Asi lestrated in 5. 4, rapping 
bag a , es ae as ihe husk bullet js released plostve pases within the attachment by the husk 26, ai- 
from the discharge end of the barrel 10, the husk 26 though momenters, ss jo,permit the projectile 28 
lant at high velocity, sepa- 3 to ect well started on its fight before @ usk is emiltes 
ee cay ten Be ace i a the gases begin to ‘The result is that Jitthe if 
ially til tile 28, and slides along and the gases begin to SSCApE. sult 
ai eben nasage: in the sieeve 46 until any disturbance of the flight of ibe projectile results from 
it engay a ff the ical portion 28, these gases. ee . 
Saeed Fe 3 The comes te Lak by be ee of the above description of one embodiment of 
a ively decelerated with Tespect to the projectile 28, so 15 this invention iliusirating the principles thereof. it will te 
preg jectile progresses onwardly as an independent apparent to those skilled in the art that many of the struc- 
poe i othe ones 22. This passage being accurately tsral details here disclosed can be varied without depart. 
iioned ‘on the aziz of the barrel and baving a light iy Ssum the novel subject mate of this invemiion, is 
press i Y dics it, taking away preferred, therefore, that the scope of protcc! 
aoe wy wobble 2 oll con ean L tbat it may 20 bereby be determined by the claim as the selected em- 
have Se ee speva ied bodiment is provided for illustrative purposes only. 

‘ lime the decelerated husk 26 blocks the What is claimed is: ae ; 
covers mes Of the Caplets Sases issueng from the barrel A firearm irlaeli aeolie cascade tas 
ind it sufficiently to increase their pressure. Fhese *xpansible, detachal Secures 3 
een hie teed wo Ginthense through the ports 24 ab 25 husk ae: as a barn an ea Seine, - 
i c ich di ii i: lucalicy integral, separable, vel tons, 
am increased velocity which discharge continues and is pl poe te paral Sie 

i iti in F i L having a projectile bore, and a projectite 

aided when the condition Mbustrated in FIG. 4 is reached gun barre! peat eater behaty 
here to the gic bore 22 and biliving means at the esit end of said ba 1g 

periartarsatar tiers eae a he gus except apertuzed busk and fas Eenfiring syeeieal al ares 

throug! ports i apparent, therefore, that 3 ing a chamber with an internal ameter greater than tha 

the raciense of cod) sowded ty ths device & em at'eal bare sats mans having a projectile going ext 

deceler; Is having a diameter less than of sai 

hanced by the momentary forward ‘ation of tbe Passage having Fr eercrint shel of ssid bape and 
i IOV a t: ant in- Providing a light press fit for said p e 4 

pened Be Tbe ey eee anor te tom iit fe id hesk, said means also having a conical 

ity disc! laterally through the ports 24. pression fit for said hes! ; x 
‘Going tock wil be seen as ine expanded hook. 25° passame SEmesging to snd ex psa an acing 
reaches 20 it wilt be gradually contract | hosk for movement throut ? i 

catecua cet muet oo ts original condican. In said husk being detached in and expanded into contact 

addition it par he compressed as the foree of the gases with the wall of said chamber and being contracted and 

drives it through the guide bore passage 22. The husk delayet dy said conical passage for trailing movement 

being hollow and of soft, deformable, ductike material #0 through suid exit passage behind said proxctle. 

such as copper, for example. cam be squeezed or con- Refereuces Cited in the file of this patent 

tracted sufficiently so that it will be forced through the UNITED STATES PATENTS 

Buide bore passage 22 and ejected behind the projectile se 

28. During the period of compression and ejection of 868538 

the husk the explosive pases will be relatively anpeded in 2,112,831 


as fi d motion, thereby increasing their tendency, 2.115,028 
bagel explained, to being ejected at even higher 2.315 207 ne Bs 
velocities through the ports 24. A = 
187 
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APPENDIX F 


RELATIVE LOUDNESS OF DISCREET SOUND PULSES 


Presently there exists no analytical criterion for estimating 
loudness of a transient sound Signal from its pressure-time history, 
The usual means of measuring and Specifying such signals is by their 
peak SPL's. Since loudness of a discreet sound signal is also time 
dependent, it is important to re-examine the qualitative significance 
of this dependence. The most reliable and revealing data are to be 
found in the commonly used equal-loudness-level contours for con- 
tinuous pure tones, The frequency range below approximately 
200 cps is of little use here, since the Single cycle time periods 
of these tonc are well above that to be found in small arms sound 
Signatures, Within the frequency range from 200 to 8000 cps, the 
loudness level (phous) of a pure tone of given SPL is approximately 
independent of frequency, Above this range the loudness level de- 
creases,to a first approximation, directly with frequency, All 
attempts to exemplify the human ear by a dampec spring-mass system 
seem to fail in explaining the above frequency-loudness relationship. 
However, through inductive reasoning, the whole loudness level spec - 
trum as described above can be reprsented by: 


200 <f < 8000, 


LL w 20 log ae , phons () 
and 
f > 8000, 
Pm £- 8000 
Pm _ _39 (£-8000) on 2 
LL = 20 log p57 3 (~ga05 ) | phons (2) 
where 


LL = loudness level in phons; 
= peak sound pressure; 


f = pure tone frequency, cps, 


The pressure-time area aan of the positive haif-cycle of a sinus- 
Cidal tone is 
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P 2 Tj/2 
ae eens ae o 


where 
T/2 = 1/2f, half-cycle time duration, 
Thus, the loudness levels can be defined in terms of the recurrent 


character of the pure tone i.e., 


200 <£< 000, LL » 20 log —™ 


. 0002 
“ (4) 
f> 4000, LL ps 20 log Pm_ __ 39 Fez ) 
. 0002 Ago 
Or, in terms of the positive half-cycle time durations, 
200 <f< 8000, LL ss 20 log _Pm 
0002 (5) 
Pm (T/ 2). - {T/2) 
f> 8000 LL sw 20 log ——— - [i-itisomo _ nities 
> , Eo] og ~D002 [ (T/2) 
eoco 
where 


(T/2)g900 = 1/2(8000) = .063ms. 
The last equations indicate that: 


1. Upto approximately 8000 cps, the tone loudness level is 
essentially equal to peak SPL, 


2, Above approximately 8000 cps, the tone loudness decreases 
almost proportionately to the tone's half-cycle time duration, 


If the same conclusions are applied to the singular sound pulses, 
their loudness levels can be expressed by: 


-063 ms< t <2.5ms LL ws 20 log —5iB, 


(6) 
Pm 063 -t 
t <.063 ms, LL = 20 log 70002 -30( .063 ) 
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where 


t = time duration of the sound pulse in ms, 


This suggests that the loudness level of a sound pulse longer in 
time duration than approximately 0.063 millisecond is numerically 
equivalent to the peak SPL. The loudness level of a sound pulse 
shorter in time duration than 0,063 millisecond decreases approx- 
imately as its time duration, This is partially borne out by the 
records of silencers fired at Frankford Arsenal and partially by the 
widespread tendency to specify transient sounds by their peak SPL. 
Although qualitatively significant, to date the above equations are 
based only on a somewhat boldly assumed analogy between transient 
and continuous sounds, 


It is interesting to note that the "loudness level" (phons} is 
not representative of how loud a signal sounds. In other words, the 
loudness of a signaldoes not double with doubling of number of phons. 
The true loudness is represented by sones, which are related to 


phons by 


L = 10-933{LL - 40) 7 


where 


L = loudness in sonea, 


From previous anaiysis, if the sound pulses to be dealt with 
are longer than 0,063 millisecond, the londness in sones can be 
represented by, 7 


- 40 
tas 19-033 (SPL max J (8) 


which is dependent only on the peak sound pressure level. A plot 
of loudness (L) vs peak SPL follows. Here may be seen the true 
relationship between peak SPL and how loud the signal actually 
sounds, Asan example, a signal of 102 db peak SPL sounds twice 
as loud as a signal of 90 db, since the latter is half the number of 
Sones of the former. 
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